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a) the  region‐specific,  quantitative  relationship  between  a  sea  ice  proxy  and  annual 
duration of sea ice; 
b) sea ice variability at finer than centennial‐scale temporal resolution; 
c) sea  ice  variability  at  finer  than Milankovitch‐scale  temporal  resolution  in  records 
older than MIS 5; and 













































DIATOMS OF THE BERING SEA SHELF: TAXONOMY AND DISTRIBUTION
2.1 Introduction
This chapter is intended to serve as a “field guide” to the diatoms found in the 
sediments of the Bering and Chukchi seas. The dominant species in Bering Sea shelf sediments 
and in older sediments deposited during Marine Isotope Stage 11 (400 ka) at the shelf-slope 
break are included in this chapter.  Each entry includes a summary of the species or genera 
descriptions.  These are previously published formal descriptions compiled with less formal 
descriptions of species from the literature. What distinguishes this chapter is the region-specific 
nature of the document, the discussion of ecological niches for each species, and the inclusion 
of easily searchable tables of morphometric data for major genera. I build on Sancetta’s [1982] 
work by including many sea-ice related species that she did not distinguish, such as the pennate 
species Nitzschia frigida (Figure 2.1) and Navicula species, or species that were not yet described 
in the 1980s (i.e. Fossula arctica) and update her [1981] study with new distribution maps.
A distribution map, light microscope (LM) image, and 
Scanning Electron Microscope (SEM) image are included for 
any species that reaches 5% or more of the assemblage at any 
sample. Other significant species, such as freshwater indicators 
are also included with summaries of their descriptions and 
images when possible. Information about the ecological 
preferences of each taxon is included, when it is known. In 
addition, the reader is referred to table 4.1 that is included 
as part of the interpretations in Chapter 4. This table groups 
the most important species by environmental niche and is 
compiled from both biological studies and statistical inferences (see Chapter 4 for details). 
Species are listed on this table under any niche that they have been associated with, but listed in 
bold type under the most common, or diagnostic niche that they are associated with.
Figure 2.1. Pennate diatoms 
from the marginal ice zone, in-
cluding Fragilariopsis (ribbons) 
and N. frigida (stars).
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Figure 2.2. LM image of Actino-
cyclus curvatulus.
Figure 2.3. SEM image of Acti-
nocyclus curvatulus.
2.2 The Diatom Species of the Bering Sea
2.2.1 Actinocyclus Ehrenberg and Azpeitia Peragallo species
Both of these genera are members of the family Hemidiscaceae, which has been found 
in the plankton and also as epiphytes, living attached to plant matter. The main distinguishing 
characteristic of this family is the pseudonodule, a large circular opening, generally located 
slightly center-ward of the margin. However, this pseudonodule is commonly difficult to discern 
in light microscopy. The morphometric data for Actinocyclus spp. and Azpeitia spp. is included as 
table 2.1.
2.2.1.1 Actinocyclus curvatulus Janisch
This species has been described as a large (~100 µm in 
diameter), flat, drum shaped valve. There is often a small ring 
around a “granuliert” center that Sancetta [1982] describes as 
a slightly dissolved area. The most distinguishing characteristic 






















Figure 2.4. Map of Actinocyclus curvatulus distribu-








































































































































































































































































































































































































































































































































































sweep out from the center [Sancetta, 1982], much like a pinwheel. A small process, with no 
external tubes or features, is located at the ends of each of the fascicles. Although difficult to 
see in light microscopy, it is certainly possible. The margin has a quincunx pattern of areolae 
[Sancetta, 1982], however, the margin is often broken off in the sediments. I have found many 
examples of what looks like A. curvatulus, but smaller (~25 µm in diameter). Many questions 
remain about this species, and it may be that there are several species or varieties included in 
A. curvatulus [Medlin and Priddle, 1990]. For this reason I have grouped both large and small 
varieties into the same taxa. 
The pattern of A. curvatulus distribution is very similar to that of Thalassiosira trifulta, 
so they are grouped together as indicators of cold, highly stratified, dicothermal water for 
paleoenvironmental inferences (see table 4.1 for groupings). However, A. curvatulus has been 
found as a member of the plankton blooming near the marginal ice zone [von Quillfeldt et al., 
2003].
2.2.1.2 Actinocyclus ochotensis Jousé
A. ochotensis is similar to A. curvatulus, but it is 
smaller in diameter (20-56 µm in diameter) and the areolae 
are widely spaced on the valve face. It is difficult to see the 
fasciculate pattern of areolation. There is a large, hyaline area 
in the center 
This is a cold water species and is more prevalent 
during glacial intervals than interglacials [Jousé, 1968]. It is found only over deep water and the 
spacing between areolae seems to grade into A. curvatulus, leading some to propose that there 
may be an evolutionary relationship between the two Actinoyclus species [Sancetta, 1982].
2.2.1.3 Azpeitia tabularis (Grunow) Fryxell et Sims
Azpeitia species are similar to Actinocyclus in that they are flat, drum shaped valves with 
a pseudonodulus. A. tabularis is intermediate in size between A. curvatulus and A. ochotensis. 
Areolae are slightly fasciculate or radial. The most distinguishing characteristics are an annulus in 
Figure 2.5. LM image of Actino-
cyclus ochotensis.
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the center with a large, labiate process adjacent to a depression, and a hyaline region between 
the valve face and the mantle [Medlin and Priddle, 1990]. 
2.2.2 Bacterosira bathyomphala (Cleve) Syvertsen et Hasle
B. bathyomphala is 
the only species in this genus 
and it is synonymous with 
B. fragilis in older works. 
There is a varied morphology 
for this species due to the 
fact that rarely, vegetative 
cells and more commonly, 
heterovalvate resting spores 
are found in the sediments. The vegetative cell is 18-24 µm in diameter, weakly silicified, and 
has a cluster of processes in the center and radial ribs (>30 in 10 µm) extending to the margin. 
At the margin, there is a ring of strutted processes and 1 labiate process [Hasle and Syvertsen, 
1997]. The hypovalve of the resting spore 
has a very distinct shape that Sancetta 
[1982] compared to a sombrero. The center 
is raised, the middle third is depressed, and 
the margin rises again like the brim of a hat. 
Figure 2.7. SEM image of Bacte-
rosira bathyomphala.
Figure 2.8. Map of Bacterosira bathyomphala distri-






















Figure 2.6. LM image of Bacterosira bathyomphala at two dif-
ferent focal planes.
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Areolae in the central area are often randomly placed and smaller areolae (30 in 10 µm) radiate 
from the center to the margin [Medlin and Priddle, 1990]. These are sometimes not discernable 
in light microscopy. The epivalve is similar to the hypovalve, but flattened [Hasle and Syvertsen, 
1997].
B. bathyomphala is found in low abundances in sediment assemblages underlying the 
seasonal sea-ice zone [Kazarina and Yushina, 1999] and is a member of the marginal ice zone 
flora [von Quillfeldt et al., 2003].
2.2.3 Hyalochaete Chaetoceros Ehrenberg spora
Considerable variation exists 
in these common resting spores 
and unfortunately, the species of 
Chaetoceros can only be definitively 
identified if the vegetative cell is present 
because many species make more 
than one type of resting spore and 
resting spores of different species are 
sometimes indistinguishable. Because 
vegetative cells (Figure 2.10) are not preserved in the 
sediments, I have chosen to classify Chaetoceros RS by their 
morphology using Suto’s morphotaxonomy. The five most 
common morphotaxa are described below. The morphotaxa 
are also sometimes difficult to distinguish if only one valve is 






















Figure 2.9. Map of Chaetoceros RS distribution in the 
Bering Sea.
Figure 2.10. SEM image of 
Chaetoceros cell that contains 
a resting spore.  The pennate 
diatoms around it are Nitzschia 
frigida. This sample was col-
lected in sea ice.
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(the hypovalve and epivalve have different morphologies). In cases when a definitive 
morphotaxa could not be determined, I classified the resting spore as simply Chaetoceros sp. RS. 
Chaetoceros species are commonly associated with both coastal and open-ocean 
upwelling [Lopes et al., 2006] or highly productive waters that contain ample amounts of 
silica [Kazarina and Yushina, 1999; Sancetta, 1982]. In the North Pacific, Chaetoceros found 
along the coast are associated with summer or fall productivity, but in the open ocean, they’re 
associated with high annual nutrient concentrations [Lopes et al., 2006]. Sancetta [1982] 
attributes the absence of resting spores in sandy sediments to transport by winnowing. Two 
Chaetoceros species have been found in the marginal ice zone bloom, C. socialis (Figure 2.X), 
and C. furcellatus. In fact, the former is one of the most common species found in marginal ice 
blooms.  Further complicating identification, the resting spores of C. socialis can be assigned to 
the morphotaxa Xanthiopyxis, Gemellodiscus, or Vallodiscus.  C. furcellatus resting spores are 
also assigned to Gemellodiscus. C. furcellatus is identifiable if the paired frustules and setae are 
present [e.g. Onodera and Takahashi, 2007], however, this is rare in the sediments. Detailed 
investigations about Chaetoceros RS relationships with environmental variables in the Bering Sea 
have not been undertaken. 
2.2.3.1 Morphotaxa Dispinodiscus Suto
Oval to elliptical, generally featureless spore 
(occasionally the valve face has veins covering it). Epivalve 
and hypovalve sometimes have different morphologies 
ranging from flat, to domed or with 2 humps. The defining 
characteristic is the presence of two small spines near each 
apex [Suto, 2004a].
2.2.3.2 Morphotaxa Gemellodiscus Suto
Gemellodiscus resting spores are circular to oval and generally occur in pairs, though this 
is not always obvious in the sediments. The valves can be hyaline or covered with spines, but 
the defining characteristics are long setae extending from the apices (180° apart). These setae 
Figure 2.11. SEM image of 
Dispinodiscus. Note, the second 
spine is has been broken and 
the spot where the spines at-
tach is under the spore.
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are often broken in the sediments. This is unfortunate because species distinctions are based 
partly on whether or not these setae are branching, straight, curve back around to overlap one 
another, or cross and attach to a paired frustule. In girdle-view, the mantle is wide, hyaline, and 
distinct, often extending above the top of the valve on the 
apices [Suto, 2004c].
2.2.3.3 Morphotaxa Syndendrium Ehrenberg
Syndendrium is heterovalvate with two or more highly 
branching processes in the center of the epivalve. In contrast, 
the hypovalve is generally hyaline with a single ring of puncta 
around the margin. In some species, the hypovalve also has 
branching processes. Syndendrium was only identified if the 






















Figure 2.14. Map of Gemellodiscus distribution in the 
Bering Sea.
Figure 2.13. SEM image of Gem-
ellodiscus.
Figure 2.12. LM image of Gem-
ellodiscus.




Vallodiscus spores are flat, 
oval to elliptical, often featureless 
valves in Bering Sea sediments. They 
are distinguished by a ring of spines or 
veins around the margin of the spore. 
Sometimes the veins branch towards 
the valve center, but the center remains 
hyaline [Suto, 2005a].
2.2.3.5 Morphotaxa Xanthiopyxis Suto
Xanthiopyxis spores occur in 
many different shapes from round to 
oval or elliptical; they can be narrow 
or broad. The defining characteristic is 
that the valve face is covered by many 
spines, bristles, or knobs. The mantle and 
the hypovalve also often contain spines 
or knobs, but both of these can also be 






















Figure 2.17. Map of Vallodiscus distribution in the 
Bering Sea.



























Three species of Coscinodiscus are found in Bering Sea sediments. None of them occur 
in high numbers in modern sediments, but down-core relative percentages of these species 
can be quite large (~50%: [Sancetta and Silvestri, 1986]). Coscinodiscus spp. are often classified 
as members of the fall plankton [Takahashi et al., 2002], and the various species have differing 
temperature preferences [Sancetta, 1987]. C. oculis-iridis was found associated with fall ice 
growth [Gran, 1904]. There is concern that when Coscinodiscus dominates the assemblage 
either diatom dissolution is great or winnowing was sorting sediments and removing the 
smaller species [Kazarina and Yushina, 1999; Sancetta, 1982]. See table 2.2 for morphometric 
characteristics of the three species found in the Bering Sea.
2.2.4.1 Coscinodiscus marginatus Ehrenberg
C. marginatus is a coarsely silicified, nearly flat valve. Larger specimens are sometimes 
depressed in the center. The edges of the valve slopes steeply down towards the margin, which 
is also flat. This distinctive margin appears striated (though the striations are simply elongated 
areolae) and is quite wide (up to 4 µm) margin. Areolae have an irregular, radial pattern on the 
valve face and decrease in size towards the margin. There are no processes visible with light 
microscopy [Sancetta, 1987]. 
 C. marginatus is a member of the temperate zone plankton of the North Pacific (Aizawa 
et al. 2005), but sediment assemblages have associated this species with the North Boreal Zone 
Figure 2.20. SEM image of 
the interior of Coscinodiscus 














































































































































































































































































































































































































































































































































































































































































































































































































































































(Jousé 1968) or areas of high primary 
productivity (Kazarina 1999). There 
is some evidence that C. marginatus 
relative percent abundances fluctuate 
widely with glacial-interglacial cycles 
[Sancetta and Silvestri, 1986].
2.2.5 Delphineis Andrews and 
Rhaphoneis Ehrenberg species
Both of these pennate genera 
are benthic and are commonly found 
attached to sand grains within surface 
and down-core sediments. Both have 
flat valves that are short in girdle view 
and broad in valve view. Differences 
between the genera stem from the characteristics of the sternum (narrow for Rhaphoneis 
and prominent for Delphineis). The sternum in Delphineis is clear and often enlarges near the 
apices. In Rhaphoneis, uniseriate striae radiate from the narrow sternum. Rhaphoneis also 
has characteristic clusters of small pores at the apices, while Delphineis has only 2 pores and a 
process at each apex. Rhaphoneis, in contrast, has a process located between each apex and the 
valve face [Medlin and Priddle, 1990]. See table 2.3 for morphometric data.
2.2.5.1 Delphineis kippae Sancetta
D. kippae is relatively coarsely silicified, and the 
lanceolate outline with rounded capitate apices is distinctive. 
It has a wide sternum with 4-5 round pores that make up each 
parallel striae on the valve face. Fewer pores in each striae are 






















Figure 2.21. Map of C. marginatus distribution in the 
Bering Sea.




















































































































































































































































































2.2.5.2 Delphineis surirella (Ehrenberg) G.W. Andrews
This is the most common 
Delphineis species found in the Bering 
Sea surface sediments. This flat, drum 
shaped frustules has slightly radial 
uniseriate striae. The sternum is wide, 
but often has some variability in width between the central area and midpoints of the valve face 
[Tomas, 1996]. 
2.2.6 Fossula arctica Hasle, Syvertsen, et von Quillfeldt
Like D. kippae, the Fossula arctica valve is linear to 
lanceolate with capitate ends. However, it is much more lightly 
silicified than D. kippae. The striae are closer together than in 
D. kippae. Striae range from parallel to slightly radiate at the 
apices. A very distinct labiate process is found near the epex. 
This is very clear under the light microscope [von Quillfeldt, 
2001].























Figure 2.24. Map of D. surirella distribution in the 
Bering Sea.
Figure 2.25. LM image of Fos-
sula arctica.
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2.2.7 Fragilariopsis Hustedt in Schmidt
Fragilariopsis is a pennate 
genus whose raphe is located in a 
marginal canal. It forms ribbon colonies 
and resting spores during various 
points in its life cycle. Distinguishing 
characteristics include size and shape 
of the valve, the presence or absence 
of a central nodule, and the distribution 
of fibulae (pore-like structures 
located along the canal raphe), striae 
(arrangement of poroids perpendicular 
to valve length), and poroids (small 
pores that make up striae) [Lundholm 






















Figure 2.26. SEM image of Fos-
sula arctica.
Figure 2.27. Map of F. arctica distribution in the Ber-
ing Sea.
























Fragilariopsis is one of the most abundant species in the marginal ice bloom [von 
Quillfeldt et al., 2003] and a significant contributor to sediment assemblages. High relative 
percentages of Fragilariopsis spp. have been widely used as a qualitative proxy for sea ice 
duration, especially in the Bering Sea [Caissie et al., 2010; Katsuki and Takahashi, 2005; Sancetta 
and Robinson, 1983]. At least six species of Fragilariopsis are found in Bering Sea sediments 
[Lundholm and Hasle, 2010]. These species have slightly different temperature requirements and 
some are more likely to be found associated with sea ice than others [Von Quillfeldt, 2004], but 
previous work has generally grouped all Fragilariopsis species together. Separating these species 
may improve diatom-based sea ice proxies. 
The two most common Fragilariopsis species are described below and a table 
summarizing the morphometric parameters of the other Fragilariopsis species found in the 
Bering Sea is included as table 2.4.
2.2.7.1 Fragilariopsis cylindrus (Grunow) Krieger
F. cylindrus is distinguished by its straight, parallel sides and round (almost semi-circular) 
apices. Striae are parallel and run the full width of the valve. They are made of a mesh of closely 
spaced poroids. The apices have ribs that are at an oblique angle to the striae (the striae curve 
around at the ends of the valves), but this feature is sometimes hard to see. This species does 
not have a central nodule [Lundholm and Hasle, 2008; Sancetta, 1982; Tomas, 1996; Witkowski 
et al., 2000]. 
Figure 2.30. SEM image of 
Fragilariopsis cylindrus.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2.7.2 Fragilariopsis oceanica (Cleve) Hasle
F. oceanica can be distinguished from F. cylindrus by 
its shape: lanceolate to elliptical. Striae are parallel and run 
across the full width of the valve, but the poroids that make 
up the striae are scattered. F. oceanica also has a central 
nodule [Lundholm and Hasle, 2010; Sancetta, 1982].
2.2.8 Melosira sol Dickie
This flat, colony-forming diatom is heavily silicified 
and commonly bi-layered. The outer layer has radial lamellae 
that reach the margins, but do not extend all the way to the 
center of the valve. The inner layer simply contains radial 
puncta (though this feature is rarely seen). This species 
tends to be slightly larger (30-96 µm) than P. sulcata, but its 
diameter overlaps largely with P. sulcata [Sancetta, 1982]. 
Figure 2.32. SEM image of 
Fragilariopsis oceanica.
Figure 2.33. SEM image of Fragi-






















Figure 2.34. Map of F. oceanica distribution in the 
Bering Sea.
Figure 2.31. LM image of 
Fragilariopsis oceanica.
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Melosira as a genus has not been extensively studied and very little is known about the 
true taxonomy of this species. Several other Melosira species have been transferred to Paralia 
recently [Crawford et al., 1990]. Its range overlaps with that of P. sulcata [Sancetta, 1982] and 
I suspect that this taxon in the Bering 
Sea is actually a variation or valve type 
of P. sulcata. However, I have separated 
Melosira from P. sulcata by valves whose 
lamellae extend all the way to the 
margin and which are much more finely 
spaced than the lamellae in P. sulcata.
2.2.9 Naviculoid Species
Diatoms in the pennate family Naviculaceae are quite common in Bering Sea sediments 
and can be distinguished by the presence of a raphe on 
both valves that is not subtended by fibulae [Medlin and 
Priddle, 1990]. This is an extremely diverse group that can 
be identified to the species level (or even finer) in many 
cases. Pinnularia quadratarea is a diverse species with 
many varieties (see Figures 2.38-2.40). I did not distinguish 
between varieties. Several of the most common species in 
the Naviculaceae family are pictured here (Figures 2.37-2.43. 
Detailed morphometric data can be found in table 2.5.























Figure 2.36 Map of Melosira species distribution in 
the Bering Sea.
Figure 2.37. SEM image of Has-
lea sp. and Navicula sp. 2 [from 
Sancetta,  1982]
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Figure 2.38. SEM image of Pinnularia 
quadratarea
Figure 2.40. SEM image of Pin-
nularia quadratarea.
Figure 2.42. SEM image of Pleurosigma stuxber-
gii.
Figure 2.39. LM image of Pin-
nularia quadratarea.
Figure 2.41. LM image of Navicula distans
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2.10 Neodenticula seminae (Simonsen et Kanaya) Akiba et Yanagisawa
This species is a small, heavily 
silicified pennate diatom that is 
distinguished by parallel pseudosepta 
that thicken or fork at the ends. One 
to three secondary pseudosepta run 
parallel between them. Although the 
pseudosepta are parallel for the most part, they do curve slightly towards the margins. N. 
seminae can be distinuguished from the Pliocene species Neodentiucla kamtschatica by the 
presence of the pseudosepta.
N. seminae is associated with high salinity, deep waters [Kazarina and Yushina, 1999] 
in the North Pacific, where it is a predominant member of the phytoplankton [Takahashi et al., 
2002]. N. seminae is endemic to the low nutrient, Pacific water above 42° N[Sancetta, 1982] and 
so it has been used as an indicator of Alaskan Stream water [Caissie et al., 2010; Katsuki and 
Takahashi, 2005; Sancetta, 1982]. However, abundances of N. seminae varies in the North Pacific 
on glacial-interglacial time scales [Sancetta and Silvestri, 1984], so a reduction in N. seminae can 
indicate either a reduction in Pacific inflow to the Bering Sea or a reduction in the abundance 
of N. seminae in the North Pacific. Because it is heavily silicified, high relative proportions may 
alternatively indicate dissolution [Sancetta, 1982].






















Figure 2.45 Map of N. seminae distribution in the Ber-
ing Sea.
Figure 2.44. LM image of Neo-
denticula seminae.
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800 ka, and is used as a datum for the North Atlantic diatom biostratigraphy [Koc and Flower, 
1998], but this species recently has resurfaced in the North Atlantic. This new appearance has 
been circumscribed to Arctic summer ice retreat allowing N. seminae to migrate through the 
Arctic Ocean to the North Atlantic 
[Reid et al., 2007].
2.2.11 Nitzschia Hassall species
Nitzschia is a pennate 
diatom with a full raphe located on 
the valve margin or near the center 
of the valve. Frustules can be either linear or sigmoid and Nitzschia species may form colonies 
or live solitarily. A distinguishing characteristic is the presence of fibulae, which subtend the 
raphe and look like bars on the edges of the valves. Another distinguishing characteristic is the 
presence or absence of a central nodule. In many cases, Nitzschia could not be distinguished to 
the species level due to difficulty in identifying key characteristics under the light microscope 
[Medlin and Priddle, 1990], although species are assigned whenever possible. Detailed 
morphometric data [Medlin and Hasle, 1990] can be found in table 2.6. 
2.2.11.1 Nitzschia frigida Grunow
This Nitzschia species has sub-parallel, linear to linear lanceolate edges and a central 
nodule that looks like a longer fibulae at the center of the margin. It is weakly silicified and the 
striae appear discontinuously across the valve face [Medlin 
and Priddle, 1990]
N. frigida is a common diatom in the epontic bloom 
[von Quillfeldt et al., 2003] and has been reported from 
fast ice in the Arctic [Medlin and Hasle, 1990].  It is the only 
Nitzschia species whose relative percent abundances was over 
5% 
Figure 2.46. LM image of Nitzschia laevissima.














































































































































































































































































































































































































































2.2.12 Paralia sulcata (Ehrenberg) Cleve
P. sulcata is a small, heavily silicified, colony forming pennate 
diatom. It is characterized by radial ribs on the central third of the 
valve face [Sancetta, 1982]. These ribs sometimes resemble wedges 
of an orange. It is heterovalvate and has at least two types of valves 






















Figure 2.49 Map of N. frigida distribution in the Ber-
ing Sea.
Figure 2.48. SEM image 
of Nitzschia frigida.
Figure 2.50. a) LM image of P. sulcata.  This image shows both the girdle and valve view.  b) SEM 
image of P. sulcata valve.  c) Girdle view of P. sulcata showing interlocking ridges and grooves. 
B CA
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are convex. The radial ribs are small, 
close to the center, and do not have as 
much relief as those in the linking valves 
[Sims and Crawford, 2002]. Linking valves 
are flat discs with high, radial ridges and 
grooves that connect to neighboring 
valves. The margin also has linking spines 
or prongs [Sims and Crawford, 2002]. 
There are many morphologies of 
P. sulcata. In addition to the heterovalvate 
colonies, valves for solitary planktic 
forms of P. sulcata look different from the 
benthic forms. I have tried to separate 
different valve types when possible. I am 
also suspicious that diatoms that have 
been previously identified as Melosira sol are actually P. sulcata. Little taxonomic information 
exists for M. sol, and some forms of P. sulcata have previously been misidentified as Melosira 
species [Crawford et al., 1990]. 
P. sulcata can be either planktic or benthic [Kariya et al., 2010] and is associated with 
river deltas. Its Bering Sea range overlaps that of Melosira sol [Sancetta, 1982]. It is a member 
of the marginal ice zone assemblage [von Quillfeldt et al., 2003], but has also been reported as 
living on the underside of multiyear ice (Horner 1985). Pushkar [1999] asserts that P. sulcata 
indicates water shallower than 20 m. Its high abundances in the Bering Strait may mean that it 
is adapted to moving water [Sancetta, 1982]. P. sulcata thrives in water that is warmer than 30 C  
[Zong, 1997], with low light [Blasco et al., 1980] and low salinity [Ryu et al., 2008].
2.2.13 Rhizosolenia hebetata J.W. Bailey
Rhizosolenia is an unusual looking centric species that is long and conical with one or 






















Figure 2.51 Map of P. sulcata distribution in the Ber-
ing Sea.
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that are both heavily silicified. R. hebetata f. hebetata is distinctive. The otaria covers the 
entire process and there are no claspers at the base of the process, which has a rounded tip. R. 
hebetata var. semispina has a long process that tapers into a narrow tube. It has pointed otaria 
that extend up to 3 µm up the base of the process [Medlin and Priddle, 1990].
R. hebetata is part of the open ocean plankton [Lopes et al., 2006] and part of the Bering 
Basin assemblage [Sancetta, 1981]. It occurs in high numbers on Bowers ridge [Sancetta, 1982] 
and has been found as part of the summer bloom in upwelling zones near the Aleutian Islands 
[Aizawa et al., 2005]. Sancetta [1982] points out that this heavily silicified diatom may be found 
in areas where winnowing is prevalent.
2.2.14 Thalassionema nitzschioides (Grunow) H. et M. 
Peragallo
T. nitzschioides is a variably long pennate diatom (10 
– 110 µm long and 2-3 µm wide). Its valves are linear with 
parallel margins and it has bluntly rounded, isopolar apices. 
There are distinctive marginal pores along the edges (10-12 
per 10 µm), and a labiate process is located at each apex 
[Hasle, 2001].
T. nitzschioides is a cosmopolitan species that has 
been found under zones of upwelling [Sancetta, 1982], 
in the marginal ice zone [von Quillfeldt et al., 2003], and 
associated with warm water in the North Pacific [Lopes et 
al., 2006]. This makes defining an ecological niche difficult 
at best, although the species shows considerable variation 
in relative percent abundances over time. Figure 2.54. SEM image of T. nitzs-
chioides.
Figure 2.53. LM image of 
Thalassionema nitzschioides.
Figure 2.52. LM image of Rhizosolenia hebetata f. hebetata.
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2.2.15 Thalassiosira Cleve species
Individual Thalassiosira specimens attach to each 
other using threads extending from strutted processes 
arranged on the valve face (Figure 2.56). The arrangement 
of the strutted processes, marginal processes, and labiate 
processes are the main distinguishing factors for this genus. 
Valve size and density of areolae are of secondary importance 
[Hasle and Syvertsen, 1997]. Table 2.7 lists the morphometric 
data for most of the taxa included in the Thalassiosira genus.
Thalassiosira is, by far, the genus with the most 
diversity in Bering Sea sediments with 31 different taxa 
identified in surface and down-core sediments. Species fill widely varied environmental niches 
including sea ice, upwelling zones, highly stratified water, cold water, and warm water [Barron et 
al., 2009; Fryxell and Hasle, 1972; Horner, 1985; Lopes et al., 2006; Saitoh and Taniguchi, 1978; 






















Figure 2.55 Map of T. nitzschioides distribution in the 
Bering Sea.
Figure 2.56. SEM image of 2 
Thalassiosira hyalina frustules 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2.15.1 Thalassiosira antarctica var. borealis G. Fryxell, Doucette, and Hubbard spora
There has been much confusion in the literature about this taxa, which is a bipolar 
species, but was described separately in the Antarctic and the Arctic. Additionally, the resting 
spore was described and named (Coscinodiscus subglobosus) before either vegetative cell was 
described. Even today, resting spores of T. antarctica var. borealis are sometimes classified as T. 
gravida RS. However, T. gravida does not form resting spores [Hasle and Syvertsen, 1997].
In addition, there are multiple morphologies of this taxa due to the fact that there 
are three types of resting spores formed by T. antarctica and some of these resting spores are 
heterovalvate. In general, the valves are small to mid-sized and domed. Areolae are arranged 
in radial rows or irregularly and there are approximately 7 areolae in 10 µm. The hypovalve 
sometimes has a cluster of strutted processes in the center of the valve and/or scattered over 


















Figure 2.59 Map of T. antarctica RS distribution in the 
Bering Sea.
Figure 2.58. SEM image of 
Thalassiosira antarcitca RS.
Figure 2.57. LM image of 
Thalassiosira antarcitca RS.
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spores are flattened and do not generally have processes on the valve face [Heimdal, 1971; 
Medlin and Priddle, 1990; Sancetta, 1982; Syvertsen, 1979]. 
The ecology of T. antarctica var. borealis is not well known, but it has been observed as a 
member of the plankton living near the marginal ice zone [von Quillfeldt et al., 2003], especially 
in coastal waters, or waters with temperatures between -1° and 4 ° C [J A Barron et al., 2009; 
Shiga and Koizumi, 2000]. In addition, the resting spores have been associated with thick pack 
ice, and may be transported great distances [Horner, 1985]. Sancetta [1981] pointed out that 
the highest abundances of T. antarctica mimic those of Chaetoceros RS, which may indicate 
that it is associated with upwellilng, high productivity, or the sea ice margin [Sancetta, 1981]. In 
Antarctica, the southern version of this bipolar species is well known as a fall phytoplankton that 
grows as light declines and sea ice expands [Cunningham and Leventer, 1998]. It may be that the 
boreal version has similar affinities.
2.2.15.2 Thalassiosira hyalina (Grunow) Gran
T. hyalina is a distinctive species with flat, finely, radially areolate valves. There is a 
cluster of strutted processes in the center and a ring of fairly closely spaced short marginal 
processes. A labiate process replaces a marginal process. This species can be distinguished from 
T. gravida, which has strutted processes across the valve face [Medlin and Priddle, 1990; Tomas, 
1996].
T. hyalina is associated with the marginal ice zone and has been reported to bloom in ice 
leads [Gran, 1904] or in the plankton surrounding the ice [Schandelmeier and Alexander, 1981].
Figure 2.61. SEM image of 
Thalassiosira hyalina.




T. nordenskioeldii is a stunning diatom that is slightly depressed in the center with one 
central strutted process. It has a labiate process located within the ring of marginal processes. 
The most distinctive feature is a ring of spines and processes about 2/3 of the way between the 






















Figure 2.62 Map of T. hyalina distribution in the Ber-
ing Sea.
Figure 2.64. SEM image of 
Thalassiosira nordenskioeldii.
Figure 2.63. LM image of 
Thalassiosira nordenskioeldii.
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This species is a member of the 
plankton that forms large masses in 
early spring associated with the marginal 
ice zone and has been observed 
blooming at the margin of the ice (Clev, 
1896) and in the early spring bloom 
[Schandelmeier and Alexander, 1981; 
von Quillfeldt et al., 2003].
2.2.15.4 Thalassiosira Cleve species < 
10 µm 
Small Thalassiosira species 
occasionally accounted for more 
than 10% of the sediment diatom 
assemblages. These individuals were 
all smaller than 10 µm in diameter and 
so did not have features clear enough 
to separate into separate species. 
This group may include the following 
species: T. binata, T. bulbosa, T. mala, T. 
mediterranea, T. minima, T. miniscula, 













































Figure 2.67 Map of small Thalassiosira species distri-
bution in the Bering Sea.
Figure 2.66. LM image of a 
small Thalassiosira species.
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associated with warmer water [Aizawa et al., 2005], and small Thalassiosira spp. track upwelling 
in the North Pacific [Lopes et al., 2006], so although this is likely an amalgamation of species, 
some relevant paleoecological information can still be extracted.
2.2.15.5 Thalassiosira trifulta Fryxell
The T. trifulta group is distinctive due to its large 
areolae that range from 5-6 per 10 µm. This species displays 
considerable variation when viewed using a scanning electron 
microscope (SEM), so is often described as a species group. I 
have not used the SEM to distinguish between species, so T. 
oestrupii is the only member of the T. trifulta group that has 
been classified separately (see section 2.2.15.6). 
T. trifulta is a flat valve with large, hexagonal areolae arranged in radial, linear, or 
eccentric patterns across the valve face. Generally T. trifulta has 3 strutted processes in the valve 
center, but sometimes there are as few as 2 or as many as 5 or 6 arranged in 1 or 2 lines. The 
central strutted process has three struts 
which can sometimes be seen under the 
light microscope. One labiate process 
is located a few areolae away from the 
margin [Medlin and Priddle, 1990].
T. trifulta is associated with A. 
curvatulus and cold, low salinity, highly 
stratified water that forms after the 
sea ice melts. It is also prevalent in the 
cold, productive gyre of the Bering Sea, 
while Kazarina [1999] associates it with 
high salinity deep waters and Sancetta 
[Sancetta, 1982] associates it with highly 






















Figure 2.69 Map of T. trifulta distribution in the Bering 
Sea.




Several other common 
Thalassiosira species are pictured here. 
Detailed morphometric data can be 






















Figure 2.71 Map of T. oestrupii distribution in the Ber-
ing Sea.
Figure 2.73. SEM image of T. 
oestrupii.  The processes are 
clearer here.
Figure 2.70. LM image of T.  
oestrupii (Ostenfeld) Hasle 
which has 1 central strutted 
process and 1 labiate process 
(LP) 2-3 areolae away.  The ar-
row points to the LP. 
Figure 2.74. SEM image of T. jouseae 
Akiba  This is a fossil species that occurs 
in sediments older than ~300-400 ka 
[Barron and Gladenkov, 1995]. 
Figure 2.72. LM image of Thalassiosira hyperborea (Grunow) 
Hasle in three focal plains.
Figure 2.75. a) and b) SEM 
images of T. eccentrica (Ehren-
berg) Cleve.  Panel b shows the 




Many other pennate species 
were found in the sediments. These 
species occur as single individuals 
in a sample. Several of these minor 
species are pictured here. 
Figure 2.76. LM images of a) Diploneis smithii (Brébis-
son in W. Smith) Cleve b) and c) Unknown pennates, 
and d) Cocconeis Ehrenberg
Figure 2.77. a) LM image of 
Thalassiothrix longissima 
(Cleve) Cleve et Grunow b) and 
c) SEM images of T. longissima.
2.2.17 Other centric species
There are several 
other centric species that 
do not make up more than 
5% of any assemblage, but 
which may be important 
ecologically. Some of these 
species are pictured to the 
right and on the next page. 
Figure 2.79. SEM image of Ac-
tinoptychus Ehrenberg resting 
inside a Stephanopyxis turris  
(Greville et Walker-Arnott) Ralfs 
valve.
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2.2.18 Freshwater species
Both species in this grouping belong to the Stephanodiscaceae family, which is one 
of the dominant fresh water families, present in lakes and slow moving rivers [Håkansson, 
2002]; however, a few Cyclotella species are found in brackish and neritic environments (e.g. C. 
stylorum) [Hasle and Syvertsen, 1997]. These brackish species are not included in this grouping.
2.2.18.1 Cyclotella ocellata Pantocsek
C. ocellata is one of the smallest species encountered, often less than 10 µm in 
diameter, but ranging up to ~17 µm. It is a round, species with a mostly flat valve face. The most 
characteristic feature is the presence of three large papillae with corresponding depressions that 
sometimes connect the papillae in a y-shaped depression. Håkansson [2002] shows that this 
species can have up to five papillae, but I have only found species with three. Striae extend from 






















Figure 2.80 Map of O. aurita distribution in the Bering 
Sea.
Figure 2.81. LM of Odontella 
aurita (Lyngbye) Agardh.
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2.2.18.2 Puncticulata radiosa (Lemmermann) Håkansson
This is a very distinctive centric diatom with a flat 
valve face (~25 µm in diameter). The central area contains 
areolae arranged in loose concentric circles around the center. 
The middle third of the valve is covered by radially arranged 
ribs that sometimes bifurcate midway. These ribs may be 
striae [Håkansson, 2002]. Marginal processes are located at 
the end of each rib, approximately 4 µm from the valve edge.














































































































































































Hly 0702 DBSB/164  61.613  ‐177.122  119  6/15/2007  Haps  0‐13  1 
Sancetta TT42‐147  61.698  ‐176.6883  109  9/9/1969  smear slide  0‐1  1 
Hly 0601 NEC5/1  61.384  ‐171.951  57  5/9/2006  Haps  0‐18  2 
Hly 0702 NEC5/1  61.382  ‐171.962  60  5/18/2007  Haps  0‐1  2 
Sancetta TT42‐117  60.945  ‐172.252  65  9/6/1969  smear slide  0‐1  2 
Sancetta TT42‐24  61.21  ‐172.533  67  8/24/1969  smear slide  0‐1  2 
Sancetta TT42‐67  60.962  ‐171.842  63  8/29/1969  smear slide  0‐1  2 
Hly 0601 DLN4/24  62.511  ‐175.293  81  5/15/2006  Haps  0‐1  3 
Hly 0702 DLN4/8  62.513  ‐175.3  81  5/20/2007  Haps  0‐1  3 
Hly 0702 DLN4/145  62.513  ‐175.3  80  6/12/2007  Haps  0‐1  3 
Sancetta NW69‐27  62.5  ‐176  nd  6/15/1969  smear slide  0‐1  3 
Sancetta TT42‐40  62.663  ‐175.645  84  8/26/1969  smear slide  0‐1  3 
Hly 0601 SWC3/18  62.582  ‐173.069  59  5/14/2006  Haps  0‐1  4 
Hly 0702 SWC3/24  62.582  ‐173.087  63  5/23/2007  Haps  0‐1  4 
Hly 0702 SWC3/116  62.577  ‐173.065  64  6/7/2007  Haps  0‐1  4 
Hly 0601 SWC3a/29  62.756  ‐172.714  60  5/17/2006  Haps  0‐16  4 
Hly 0601 SWC3a/90  62.758  ‐172.711  60  5/29/2006  Haps  0‐1  4 
Hly 0702 SWC3a/33  62.755  ‐172.7  62  5/25/2007  Haps  0‐1  4 
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Figure 3.4. Plots showing grain size down-core in Healy 0601 NEC5/001.  Volume percent for 
each trace ranges from approximately 0 to 3%, but the axes are overlapping.  Each trace repre-


































































Figure 3.5. Pie charts showing the differences in diatom assemblages between samples and 
between years.  Samples collected in 1969 are outlined in black and located in the first column, 
samples collected in either 2006 or 2007 are in the second column.  Each row denotes an area as 
described in the text.  Note that several samples were counted twice and several areas were 















Rhizosolenia hebetata forma hiemalis
Thalassionema nitzioides


























































































































































































































































































































































































































































































































































































































































































































































































Figure 4.1. Map of the Beringia.  Locations of place names from the text are labeled: Aleutian 
North Slope Current (ANS), Anadyr Strait (A), Bristol Bay (B), Bering Strait (BS), Bering Slope 
Current (BSC), Gulf of Anadyr (GA), Kamchatka Current (KC), Navarin Canyon (N), Pribilof Islands 
(P), St. Lawrence Island (SLI).  The white and black dashed line is the modern maximum extent of 
sea ice [Cavalieri et al., 1996]. Currents are in orange and are modified from Stabeno [1999]. 
Base map is modified from Manley [2002]. 
U1345
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that each datum was recorded in: U1345A (red), U1345C (green), U1345D (blue), and U1345E 
(black).  Dots are radiolarian datums, boxes are diatoms, and triangles are silicoflagellates.  b) 
Each interglacial period is shaded grey and the marine isotope stage number is indicated for the 
LR04 oxygen isotope stack [Lisiecki and Raymo Takahashi et 
al., 2011]. d) Oxygen isotope data from the benthic foraminifera, Uvigerina peregrina (black), 
Nonionella labradorica (blue), and Globobulimina affinis (red). Crosses at the top of the record 
are measurements from HLY02-02-3JPC, a piston core taken near U1345.  The grey bars are 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Lamination  Depth   Age  Duration (kyrs)  Kyrs to next lamination 
MIS 10.4  111.25‐111.01  365.8‐365.3  .5  N/A 
MIS 10.3  112.23‐112.06  367.7‐367.4  .3  2.2 
MIS 10.2  113.31‐113.06  369.9‐369.4  .5  2.7 
MIS 10.1  115.53‐114.75  374.4‐372.8  1.6  6.1 
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Figure 6.4.  
ice proxy.  Open circles are samples collected in 1969, open pentagons are samples collected in 
2006, open triangles are samples collected in 2007, and open squares are samples collected in 
2008. Greyscale symbols depict average grain size of the recent samples.  Silt is off-white, 
averaged over 1998-2007 [Cavalieri et al., 1996] and large dots show MAMJ sea ice concentra-
Chapman and Walsh, 1991].     
MAMJ Sea Ice Concentration (%)
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Figure 6.5.










































































































































Line Scan Image Core X-Ray
Figure 6.6.
sediment core from the Bowers Ridge (IODP Exp 323, Site U1340A, 52X-6H, 28.5-79.5 cm). We 
2 and Fe2O3 
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Figure 6.7. Laminated intervals in Exp 323, U1345 plotted under well-known climate records 
and orbital parameters.  Note that in panel B, we zoon in to the last 100 ka.  Grey bars repre-
sent interglaical periods. Select Dansgaard-Oeschgar events are numbered in panel B.  
B
A
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CHAPTER 7 
CONCLUSIONS 
This dissertation uses diatoms to investigate past changes in sea ice and related sea 
surface conditions in the Bering and Chukchi seas. One of the primary objectives was to 
document environmental change on various time scales. This was achieved by examining 
modern sedimentation, decadal‐scale change in the very recent past, and centennial‐ to 
millennial‐scale changes 400 ka. This thesis advances our understanding of how sea ice drives 
and interacts with the climate system and how primary producers react to and record climatic 
changes. 
A solid foundation of knowledge concerning the diatom distribution across the Bering 
Sea shelf underlies the interpretations of climatic change presented. Currently, there is no 
central repository of diatom taxonomy; all descriptions and changes in classification are 
published in a wide array of journals and historical monographs. Chapter 2 collects these 
references into a single document that summarizes the taxonomic richness of the Bering Shelf. It 
builds on previous work by Sancetta [1982] by separating out groups of diatoms, specifically ice‐
related pennate diatoms and the Chaetoceros resting spore morphotaxa, and by updating taxa 
ranges. This work not only informs the rest of the dissertation, but will also be useful for training 
students in diatom identification in the future.  
There were two main objectives for Chapter 3. The first was to determine if Bering Sea 
shelf sediments were appropriate recorders of the modern surface environments so that diatom 
assemblages and organic biomarkers found in these sediments could later be correlated with 
modern environmental conditions. Chapter 3 concludes that the top 1 cm of sediments on the 
Bering Sea shelf represent several years to decades of deposition and not hundreds to 
thousands of years. The second objective was to determine if the bioturbated shelf sediments 
 171 
were recording the physical and biological changes occurring in the Bering Sea over the past 
several decades. It concludes that changes in the Pacific Decadal Oscillation and the strength of 
the Aleutian Low are reflected as subtle changes in diatom assemblages down‐core and in 
samples collected 40 years apart. Specifically, changes in diatom accumulation rate, Chaetoceros 
resting spores, and sea‐ice diatoms appear to reflect changing productivity and sea ice regimes.  
One of the primary science questions that initiated this dissertation was, “What was the 
sea ice variability at finer than Milankovitch‐scale temporal resolution in records older than 
marine isotope stage (MIS) 5?” Chapter 4 examined this question by presenting a record of sea 
surface changes during the transition from glacial stage 12 to glacial stage 10 at a site proximal 
to the current marginal ice zone. This chapter concludes that diatom assemblages at this site 
reflect changes in upwelling, sea ice, glacial ice, and potentially even current direction. It shows 
that in the Bering Sea, the glacial termination preceding MIS 11 was highly productive with 
reduced sea ice. At this time, shelf‐derived nutrient pulses due to flooding of the Bering Land 
Bridge may have triggered the development of laminated sediments. Peak MIS 11 was marked 
by a brief, regional expansion of glaciers while sea level was at its highest point. This glaciation 
was driven by unusually humid conditions, decreasing insolation, and reduced seasonality. 
Finally, Chapter 4 concludes that when North Atlantic Deep Water (NADW) formation is vigorous 
in the North Atlantic, productivity is high in the Bering Sea. A short‐term decrease in NADW 
strength at 410 ka may have triggered a reversal in the flow of water through Bering Strait.  
Proxy development was a focal point of my dissertation and this thesis succeeds in 
building a solid foundation on which to base a diatom‐based sea ice proxy for the Bering Sea in 
the near future. In Chapter 3, I suggested that studies using the top 1 cm of sediments for proxy 
calibration compare sediment characteristics to 10 to 30 years of climate data. The diatom‐
based sea ice proxy that is in development will calibrate surface sediments with two different 
 172 
environmental databases to determine the best fit: a 10‐year average of sea surface conditions, 
or the 30 year climatological mean. Chapter 5 begins this proxy calibration by comparing a 10‐
year average of sea surface temperature and sea ice concentration during the spring (March, 
April, May, June) with the molecular biomarker, IP25. I propose that changes in the 
concentration of IP25 in the sediments may be related to the length of time that the epontic 
diatom bloom lasts. 
 
 
 
 
 
 
 
 
 
 
 
 173 
BIBLIOGRAPHY 
Aizawa, C., M. Tanimoto, and R.W. Jordan (2005), Living diatom assemblages from North Pacific 
and Bering Sea surface waters during summer 1999, Deep‐Sea Research II, 52, 2186‐
2205. 
Alexander, V., and H.J. Niebauer (1981), Oceanography of the eastern Bering Sea ice‐edge zone 
in spring, Limnology and Oceanography, 26(6), 1111‐1125. 
Alexander, V., and T. Chapman (1981), The role of epontic algal communities in Bering Sea ice, in 
The Eastern Bering Sea Shelf: Oceanography and Resources, edited by D.W. Hood and 
J.A. Calder, pp. 773‐780, University of Washington Press, Seattle, Washington. 
Antonov, J.I., D. Seidov, T.P. Boyer, R.A. Locarnini, A.V. Mishonov, H.E. Garcia, O.K. Baranova, 
M.M. Zweng, and D.R. Johnson (2010), World Ocean Atlas 2009‐‐Salinity, NOAA Atlas 
NESDIS 69, edited by S. Levitus, p. 184, U.S. Government Printing Office, Washington, 
DC. 
Armand, L.K., X. Crosta, O. Romero, and J.J. Pichon (2005), The biogeography of major diatom 
taxa in Southern Ocean sediments:  1.  Sea ice related species, Palaeogeography, 
Palaeoclimatology, Palaeoecology, 223(1‐2), 93‐126. 
Backman, J., M. Jakobsson, M. Frank, F. Sangiorgi, H. Brinkhuis, C. Stickley, M. O'Regan, R. Lovlie, 
H. Palike, D. Spofforth, J. Gattacecca, K. Moran, J. King, and C. Heil (2008), Age model 
and core‐seismic integration for the Cenozoic Arctic coring expedition sediments from 
the Lomonosov Ridge, Paleoceanography, 23(1), 10.1029/2007pa001476. 
Barron, J., and A. Yu Gladenkov (1995), Early Miocene to Pleistocene diatom stratigraphy of Leg 
145, Proceedings of the ODP, Scientific Results, 145, 3‐19. 
Barron, J. A., D. Bukry, W. E. Dean, J. A. Addison, and B. Finney (2009), Paleoceanography of the 
Gulf of Alaska during the past 15,000 years: results from diatoms, silicoflagellates, and 
geochemistry, Marine Micropaleontology, 72(3‐4), 176‐195. 
Bassinot, F.C., L.D. Labeyrie, E. Vincent, X. Quidelleur, N. J. Shackleton, and Y. Lancelot (1994), 
(Table 4) Isotopic event stack. In supplement to: The astronomical theory of climate and 
the age of the Brunhes‐Matuyama magnetic reversal, Earth and Planetary Science 
Letters, 126(1‐3), 91‐108. 
Belt, S.T., G. Massé, S.J. Rowland, M. Poulin, C. Michel, and B. LeBlanc (2007), A novel chemical 
fossil of palaeo sea ice:  IP25, Organic Geochemistry, 38, 16‐27. 
Belt, S.T., G. Massé, L.L. Vare, S. J. Rowland, M. Poulin, M. A. Sicre, M. Sampei, and L. Fortier 
(2008), Distinctive C‐13 isotopic signature distinguishes a novel sea ice biomarker in 
Arctic sediments and sediment traps, Marine Chemistry, 112(3‐4), 158‐167. 
 
 174 
Belt, S.T., L.L. Vare, G. Massé, H.R. Manners, J.C. Price, S.E. MacLachlan, J.T. Andrews, and S. 
Schmidt (2010), Striking similarities in temporal changes to spring sea ice occurrence 
across the central Canadian Arctic Archipelago over the last 7000 years, Quaternary 
Science Reviews, 29(25‐26), 3489‐3504. 
Berger, A., and M. F. Loutre (1991), Insolation Values for the Climate of the Last 10 Million Years, 
Quaternary Science Reviews, 10, 297‐317. 
Bertrand, Philippe, Thomas F. Pedersen, Philippe Martinez, Stephen Calvert, and Graham 
Shimmield (2000), Sea level impact on nutrient cycling in coastal upwelling areas during 
deglaciation: evidence from nitrogen isotopes, Global Biogeochemical Cycles, 14(1), 341‐
355. 
Blasco, D., M. Estrada, and B. Jones (1980), Relationship between the phytoplankton distribution 
and composition and the hydrography in the Northwest African upwelling region near 
Cabo Carboeiro, Deep Sea Research, 27A, 799‐821. 
Bond, N. A. (2003), Recent shifts in the state of the North Pacific, Geophysical Research Letters, 
30(23). 
Bowen, D.Q. (2010), Sea level ~400 000 years ago (MIS 11): analogue for present and future sea‐
level?, Climate of the Past, 6, 19‐29. 
Brigham‐Grette, J., D.M. Hopkins, V.F. Ivanov, A.E. Basilyan, S.L. Benson, P.A. Heiser, and V.S. 
Pushkar (2001), Last Interglacial (isotope stage 5) glacial and sea‐level history of coastal 
Chukotka Peninsula and St. Lawrence Island, Western Beringia, Quaternary Science 
Reviews, 20, 419‐436. 
Brunelle, B.G., D.M. Sigman, M.S. Cook, L. Keigwin, G. H Haug, B. Plessen, G. Schettler, and S. L. 
Jaccard (2007), Evidence from diatom‐bound nitrogen isotopes for subarctic Pacific 
stratification during the last ice age and a link to North Pacific denitrification changes, 
Paleoceanography, 22(PA1215). 
Caissie, B. E., J. Brigham‐Grette, K. T. Lawrence, T. D. Herbert, and M. S. Cook (2010), Last Glacial 
Maximum to Holocene sea surface conditions at Umnak Plateau, Bering Sea, as inferred 
from diatom, alkenone, and stable isotope records, Paleoceanography, 25, 
10.1029/2008pa001671. 
Carter, R.M. (2005), A New Zealand climatic template back to c. 3.9 Ma: ODP Site 1119, 
Canterbury Bight, south‐west Pacific Ocean, and its relationship to onland successions, 
Journal of the Royal Society of New Zealand, 35(1‐2), 9‐42. 
Cavalieri, D.J., P. Parkinson, P. Gloersen, and Zwally (1996), Sea Ice Concentrations from Nimbus‐
7 SMMR and DMSP SSM/I Passive Microwave Data, 1996‐2008, edited, National Snow 
and Ice Data Center, Boulder, CO. 
Chaisson, W.P., M.S. Poli, and R.C. Thunell (2002), Gulf Stream and Western Boundary 
Undercurrent variations during MIS 10 ‐12 at Site 1056, Blake‐Bahama Outer Ridge, 
Marine Geology, 189, 79‐105. 
 175 
Chapman, W.L., and J.E. Walsh (1991), Arctic and Southern Ocean sea ice concentrations, 1959‐
1969, edited, National Snow and Ice Data Center/World Data Center for Glaciology, 
Boulder, CO. 
Clarke, K.R. (1993), Non‐parametric multivariate analyses of changes in community structure, 
Australian Journal of Ecology, 18, 117‐143. 
Codispoti, L. A., C. N. Flagg, and J. H. Swift (2009), Hydrographic conditions during the 2004 SBI 
process experiments, Deep Sea Research II, 56(17), 1144‐1163. 
Cooper, L.W., T.E. Whitledge, J.M. Grebmeier, and T. Wieingartner (1997), The nutrient, salinity, 
and stable oxygen isotope composition of Bering and Chukchi Seas waters in and near 
the Bering Strait, Journal of Geophysical Research, 102(C6), 12563‐12573. 
Cooper, L.W., I.L. Larsen, J.M. Grebmeier, and S.B. Moran (2005), Detection of rapid deposition 
of sea ice‐rafted material to the Arctic Ocean benthos using the cosmogenic tracer Be‐7, 
Deep Sea Research II, 52(24‐26), 3452‐3461. 
Cooper, L.W., C. Lalande, R. Pirtle‐Levy, I.L. Larsen, and J.M. Grebmeier (2009), Seasonal and 
decadal shifts in particulate organic matter processing and sedimentation in the Bering 
Strait Shelf region, Deep Sea Research II, 56(17), 1316‐1325. 
Crawford, R.M. (1979), Taxonomy and Frustular Structure of the Marine Centric Diatom Paralia‐
Sulcata, Journal of Phycology, 15, 200‐210. 
Crawford, R.M., P.A. Sims, and M. Hajós (1990), The morphology and taxonomy of the centric 
diatom genus Paralia: I. Paralia siberica comb. nov, Diatom Research, 5(2), 241‐252. 
Cronin, T. M., L. Gemery, W. M. Briggs Jr, M. Jakobsson, L. Polyak, and E. M. Brouwers (2010), 
Quaternary sea‐ice history in the Arctic Ocean based on a new ostracode sea‐ice proxy, 
Quaternary Science Reviews, 29(25‐26), 3415‐3429. 
Crosta, X., J.J. Pichon, and L. H. Burckle (1998), Application of modern analog technique to 
marine Antarctic diatoms:  reconstruction of maximum sea‐ice extent at the Last Glacial 
Maximum, Paleoceanography, 13, 284‐297. 
Cunningham, W. L., and A. Leventer (1998), Diatom assemblages in surface sediments of the 
Ross Sea: relationship to present oceanographic conditions, Antarctic Science, 10(2), 
134‐146. 
Damsté, J.S.S., G. Muyzer, B. Abbas, S.W. Rampen, G. Massé, W.G. Allard, S.T. Belt, J.M. Robert, 
S.J. Rowland, J.M. Moldowan, S.M. Barbanti, F.J. Fago, P. Denisevich, J. Dahl, L.A.F. 
Trindade, and S. Schouten (2004), The rise of the rhizosolenid diatoms, Science, 
304(5670), 584‐587. 
Darby, D. A. (2008), Arctic perennial ice cover over the last 14 million years, Paleoceanography, 
23(1), 10.1029/2007pa001479. 
 176 
Davies, A., A. E. S. Kemp, and J. Pike (2009), Late Cretaceous seasonal ocean variability from the 
Arctic, Nature, 460(7252), 254‐259. 
de Abreu, C., F. F. Abrantes, N. J. Shackleton, P. C. Tzedakis, J. F. McManus, D. W. Oppo, and M. 
A. Hall (2005), Ocean climate variability in the eastern North Atlantic during interglacial 
marine isotope stage 11: A partial analogue to the Holocene?, Paleoceanography, 20(3), 
10.1029/2004PA001091. 
de Vernal, A., and C. Hillaire‐Marcel (2008), Natural variability of Greenland climate, vegetation, 
and ice volume during the past million years, Science, 320, 1622‐1625. 
de Vernal, A., C. Hillaire‐Marcel, and D. A. Darby (2005), Variability of sea ice cover in the 
Chukchi Sea (western Arctic Ocean) during the Holocene, Paleoceanography, 20(4), 
10.1029/2005PA001157. 
de Vernal, A., M. Henry, J. Mattiessen, P. J. Mudie, A. Rochon, K. P. Boessenkool, F. Eynaud, K. 
Grosfjeld, J. Guiot, D. Hamel, R. Harland, M. Head, M. Kunz‐Pirrung, E. Levac, V. 
Loucheur, O. Peyron, V. Pospelova, T. Radi, J. Turon, and E. Voronina (2001), 
Dinoflagellate cyst assemblages as tracers of sea‐surface conditions in the northern 
North Atlantic, Arctic and sub‐Arctic seas:  the new 'n=677' data base and its application 
for quantitative palaeoceanographic reconstruction, Journal of Quaternary Science, 
16(7), 681‐698. 
DeBoer, A.M., and D. Nof (2004), The Exhaust Valve of the North Atlantic, Journal of Climate, 
17(3), 417‐422. 
Dickson, A.J., C.J. Beer, C. Dempsey, M. A. Maslin, J.A. Bendle, E.L. McClymont, and R.D. Pancost 
(2009), Oceanic forcing of the Marine Isotope Stage 11 interglacial, Nature Geoscience, 
2, 428‐433. 
Droxler, A.W., R.B. Alley, W. R. Howard, R.Z. Poore, and L. H. Burckle (2003), Unique and 
exceptionally long interglacial Marine Isotope Stage 11:  window into Earth's warm 
future climate, in Earth's Climate and Orbital Eccentricity:  The Marine Isotope Stage 11 
Question, edited by A.W. Droxler, R.Z. Poore and L.H. Burckle, pp. 1‐14, American 
Geophysical Union, Washington, DC. 
Eglinton, T. I., and G. Eglinton (2008), Molecular proxies for paleoclimatology, Earth and 
Planetary Science Letters, 275, 1‐16. 
Ellis, E.A. (2006), Corrected formulation for Spurr low viscosity embedding medium using the 
replacement epoxide ERL 4221, Microscopy and Microanalysis, 12 (Supplement 12), 288‐
289. 
EPICA community members (2004), Eight glacial cycles from an Antarctic ice core, Nature, 429, 
623‐628. 
 
 177 
Fawcett, P. J., J. P. Werne, R. S. Anderson, J. M. Heikoop, E. T. Brown, M. A. Berke, S. J. Smith, F. 
Goff, L. Donohoo‐Hurley, L. M. Cisneros‐Dozal, S. Schouten, J. S. Sinninghe Damste, Y. 
Huang, J. Toney, J. Fessenden, G. WoldeGabriel, V. Atudorei, J. W. Geissman, and C. D. 
Allen (2011), Extended megadroughts in the southwestern United States during 
Pleistocene interglacials, Nature, 470(7335), 518‐521. 
Frank, M., J. Backman, M. Jakobsson, K. Moran, M. O'Regan, J. King, B. A. Haley, P. W. Kubik, and 
D. Garbe‐Schonberg (2008), Beryllium isotopes in central Arctic Ocean sediments over 
the past 12.3 million years: stratigraphic and paleoclimatic implications, 
Paleoceanography, 23(1), 10.1029/2007pa001478. 
Fryxell, G. A., and G. R. Hasle (1972), Thalassiosira eccentrica (Ehreb.) Cleve, T. symmetrica sp. 
nov., and some related centric diatoms, Journal of Phycology, 8, 297‐317. 
Fryxell, G.A. (1991), Comparison of winter and summer growth stages of the diatom Eucampia 
antarctica from the Kerguelen Plateau and south of the Antarctic Convergence Zone, in 
Proceedings of the Ocean Drilling Program, Scientific Results, v. 119, edited by J. Barron, 
B. Larsen, J.Q. Baldauf, et al., pp. 675‐685, Ocean Drilling Program, College Station, TX. 
Garcia, H.E., R.A. Locarnini, T.P. Boyer, and J.I. Antonov (2010), World Ocean Atlas 2009Rep., 398 
pp, U.S. Government Printing Office, Washington, DC. 
Gardner, J.V., W. A. Dean, and T.L. Vallier (1980), Sedimentology and geochemistry of surface 
sediments, outer continental shelf, southern Bering Sea, Marine Geology, 35, 299‐329. 
Glushkova, O. Y. (2001), Geomorphological correlation of Late Pleistocene glacial complexes of 
Western and Eastern Beringia, Quaternary Science Reviews, 20(1‐3), 405‐417. 
Gradinger, R. (2009), Sea‐ice algae: Major contributors to primary production and algal biomass 
in the Chukchi and Beaufort Seas during May/June 2002, Deep Sea Research II, 56(17), 
1201‐1212. 
Gran, H.H. (1904), Diatomaceae from the ice‐floes and plankton of the Arctic Ocean, in The 
Norwegian North Polar Expedition 1893‐1896, edited by F. Nansen, pp. 1‐74, Grondahl 
and Sons, Christiana. 
Grebmeier, J.M. (1993), Studies of pelagic‐benthic coupling extended onto the Soviet 
continental shelf in the northern Bering and Chukchi seas, Continental Shelf Research, 
13(5/6), 653‐668. 
Grebmeier, J.M. (2012), Shifting patterns of life in the Pacific Arctic and sub‐Arctic seas, Annual 
Reviews of Marine Science, 4, 63‐78. 
Grebmeier, J.M., and C.P. McRoy (1989), Pelagic‐benthic coupling on the shelf of the Northern 
Bering and Chukchi seas. 3. Benthic food‐supply and carbon cycling, Marine Ecology‐
Progress Series, 53(1), 79‐91. 
Grebmeier, J.M., and L.W. Cooper (1995), Influence of the St. Lawrence Island polynya upon the 
Bering Sea benthos, Journal of Geophysical Research‐Oceans, 100(C3), 4439‐4460. 
 178 
Grebmeier, J.M., and J.P. Barry (2006), Benthic Processes in Polynyas, in Polynyas:  Windows to 
the World, edited by W.O. Jr. Smith and D.G. Barber, p. 474, Elsevier B.V. 
Grebmeier, J.M., L.W. Cooper, H.M. Feder, and B.I. Sirenko (2006a), Ecosystem dynamics of the 
Pacific‐influenced Northern Bering and Chukchi Seas in the Amerasian Arctic, Progress in 
Oceanography, 71(2‐4), 331‐361. 
Grebmeier, J.M., S.E. Moore, J.E. Overland, K.E. Frey, and R. Gradinger (2010), Biological 
response to recent Pacific Arctic sea ice retreats, Eos, 91(18), 161‐162. 
Grebmeier, J.M., J.E. Overland, S.E. Moore, E.V. Farley, E.C. Carmack, L.W. Cooper, K.E. Frey, J.H. 
Helle, F.A. McLaughlin, and S.L. McNutt (2006b), A major ecosystem shift in the 
northern Bering Sea, Science, 311(5766), 1461‐1464. 
Gualtieri, L., and J. Brigham‐Grette (2001), The age and origin of the Little Diomede Island 
upland surface, Arctic, 54(1), 12‐21. 
Håkansson, H. (2002), A compilation and evaluation of species in the general Stephanodiscus, 
Cyclostephanos, and Cyclotella with a new genus in the family Stephanodiscaceae, 
Diatom Research, 17(1), 1‐139. 
Halfar, J., B. Williams, S. Haetzinger, R.S. Steneck, P. Lebednik, C. Winsborough, A. Omar, P Chan, 
and A.D. Jr. Wanamaker (2011), 225 years of Bering Sea climate and ecosystem 
dynamics revealed by coralline algal growth‐increment widths, Geology, 39(6), 579‐582. 
Hasle, G. R., and G. Fryxell (1977), Thalassiosira conferta and T. binata, two new diatom species, 
Norwegian Journal of Botany, 24, 239‐248. 
Hasle, G. R., E. E. Syvertsen, and C. von Quillfeldt (1996), Fossula arctica gen. nov., spec. nov., a 
marine Arctic pennate diatom, Diatom Research, 11, 261‐272. 
Hasle, G.R. (2001), The marine, planktonic diatom family Thalassionemataceae: morphology, 
taxonomy and distribution, Diatom Research, 16(1), 1‐82. 
Hasle, G.R., and B.R. Heimdal (1968), Morphology and distribution of the marine centric diatom 
Thalassiosira antarctica Comber, Journal of the Royal Microscopical Society, 88(3), 357‐
369. 
Hasle, G.R., and E.E. Syvertsen (1997), Marine Diatoms, in Identifying Marine Phytoplankton, 
edited by C.R. Tomas, pp. 5‐386, Academic Press, Inc., San Diego, California. 
Hay, Murray B., Audrey Dallimore, Richard E. Thomson, Stephen E. Calvert, and Reinhard Pienitz 
(2007), Siliceous microfossil record of late Holocene oceanography and climate along 
the west coast of Vancouver Island, British Columbia (Canada), Quaternary Research, 
67(1), 33‐49. 
Heimdal, B. R. (1971), Vegetative cells and resting spores of Thalassiosira constrcta Gaarder 
(Bacillariophyceae), Norwegian Journal of Botany, 18, 153‐159. 
 179 
Holland, M.M., C.M. Bitz, and B. Tremblay (2006), Future abrupt reductions in the summer Arctic 
sea ice, Geophysical Research Letters, 33(L23503), 1‐5. 
Honjo, S. (1990), Particle fluxes and modern sedimentation in the polar oceans, in Polar 
Oceanography, edited by W.O. Smith, pp. 687‐739, Academic Press, San Diego, CA. 
Hopkins, D.M. (1959), Cenozoic Hhistory of the Bering Land Bridge, Science, 129, 1519‐1528. 
Hopkins, D.M. (1966), Pleistocene glaciation on St. George, Pribilof Islands, Science(152), 343‐
345. 
Hopkins, D.M. (1967), Quaternary marine transgressions in Alaska, in The Bering Land Bridge, 
edited by D.M. Hopkins, pp. 121‐143, Stanford University Press, Palo Alto, CA. 
Hopkins, D.M. (1972), The paleogeography and climatic history of Beringia during late Cenozoic 
Time, Internord, 12, 121‐150. 
Horner, R. (1985), Sea Ice Biota, 203 pp., CRC Press, Inc, Boca Raton, FL. 
Horner, R., and G.C. Schrader (1982), Relative contributions of ice algae, phytoplankton, and 
benthic microalgae to primary production in nearshore regions of the Beaufort Sea, 
Arctic, 35(4), 485‐503. 
Hu, A. X., G. A. Meehl, B. L. Otto‐Bliesner, C. Waelbroeck, W. Q. Han, M. F. Loutre, K. Lambeck, J. 
X. Mitrovica, and N. Rosenbloom (2010), Influence of Bering Strait flow and North 
Atlantic circulation on glacial sea‐level changes, Nature Geoscience, 3(2), 118‐121. 
Huston, M.M., J. Brigham‐Grette, and D.M. Hopkins (1990), Paleogeographic significance of 
middle Pleistocene glaciomarine deposits on Baldwin Peninsula, northwestern Alaska, 
Annals of Glaciology, 14, 111‐114. 
Huybers, P., and C. Langmuir (2009), Feedback between deglaciation, volcanism, and 
atmospheric CO2, Earth and Planetary Science Letters, 286(3‐4), 479‐491. 
IPCC (2007), Summary for Policymakers, in Climate Change 2007:  The Physical Science Basis. 
Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, edited by S. Solomon, D. Qin, M. Manning, 
Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.L. Miller, Cambridge University Press, 
Cambridge, United Kingdom and New York, NY. 
Jin, M. B., C. J. Deal, J. Wang, N. Tanaka, and M. Ikeda (2006), Vertical mixing effects on the 
phytoplankton bloom in the southeastern Bering Sea midshelf, Journal of Geophysical 
Research‐Oceans, 111(C3), 10.1029/2005jc002994. 
Johnson, K.R., and C.H. Nelson (1984), Side‐scan sonar assessment of gray whale feeding in the 
Bering Sea, Science, 225, 1150‐1152. 
 180 
Jousé, A. P. (1968), Diatoms in Pleistocene Sediments from the Northern Pacific Ocean, in The 
Micropaleontology of Oceans, edited by W. R. Riedel and B. M. Funnell, pp. 407‐421, 
Cambridge University Press, Cambridge. 
Jouzel, J., V. Masson‐Delmotte, O. Cattani, G. Dreyfus, S. Falourd, G. Hoffmann, B. Minster, J. 
Nouet, J. M. Barnola, J. Chappellaz, H. Fischer, J. C. Gallet, S. Johnsen, M. Leuenberger, L. 
Loulergue, D. Luethi, H. Oerter, F. Parrenin, G. Raisbeck, D. Raynaud, A. Schilt, J. 
Schwander, E. Selmo, R. Souchez, R. Spahni, B. Stauffer, J. P. Steffensen, B. Stenni, T. F. 
Stocker, J. L. Tison, M. Werner, and E. W. Wolff (2007), Orbital and millennial Antarctic 
climate variability over the past 800,000 years, Science, 317(5839), 793‐796. 
Kanneworff, E., and W. Nicolaisen (1973), The "Haps", a frame supported bottom corer, Ophelia, 
Supplement 10, 119‐129. 
Kariya, Chie, Masayuki Hyodo, Koichiro Tanigawa, and Hiroshi Sato (2010), Sea‐level variation 
during MIS 11 constrained by stepwise Osaka Bay extensions and its relation with 
climatic evolution, Quaternary Science Reviews, 29(15‐16), 1863‐1879. 
Katsuki, K., and K. Takahashi (2005), Diatoms as paleoenvironmental proxies for seasonal 
productivity, sea‐ice and surface circulation in the Bering Sea during the late 
Quaternary, Deep Sea Research II, 52, 2110‐2130. 
Kaufman, D.S. (1992), Aminostratigraphy of Pliocene‐Pleistocene high‐sea‐level deposits, Nome 
coastal plain and adjacent nearshore area, Alaska, Geological Society of America 
Bulletin, 104, 40‐52. 
Kaufman, D.S., and J. Brigham‐Grette (1993), Aminostratigraphic correlations and 
paleotemperature implications, Pliocene‐Pleistocene high sea‐level deposits, 
Northwestern Alaska, Quaternary Science Reviews, 12, 21‐33. 
Kaufman, D.S., R.C. Walter, J. Brigham‐Grette, and D.M. Hopkins (1991), Middle Pleistocene age 
of the Nome River glaciation, northwestern Alaska, Quaternary Research, 36(3), 277‐
293. 
Kaufman, D.S., W.F. Manley, S.L. Forman, and P.W. Layer (2001), Pre‐Late‐Wisconsin glacial 
history, coastal Ahklun Mountains, southwestern Alaska ‐ new amino acid, 
thermoluminescence, and 40Ar/39Ar results, Quaternary Science Reviews, 20(1‐3), 337‐
352. 
Kazarina, G. K., and I. G. Yushina (1999), Diatoms in recent and Holocene sediments of the North 
Pacific and the Bering Sea, in German‐Russian cooperation; biogeographic and 
biostratigraphic investigations on selected sediment cores from the Eurasian continental 
margin and marginal seas to analyze the late Quaternary climatic variability, edited by 
R. F. Spielhagen, M.S. Barash, G.I. Ivanov and J. Thiede, pp. 134‐148, Kamloth, 
Bremerhaven, Germany. 
 
 181 
Kindler, P., and P.J. Hearty (2000), Elevated marine terraces from Eleuthera (Bahamas) and 
Bermuda:  sedimentological, petrographic, and geochronological evidence for important 
deglaciation events during the middle Pleistocene, Global and Planetary Change, 24, 41‐
58. 
Koç, N., and B.P. Flower (1998), High‐resolution Pleistocene diatom biostratigraphy and 
paleoceanography of Site 919 from the Irminger Basin, in Proceedings of the Ocean 
Drilling Program, Scientific Results, v. 152, edited by A.D. Saunders, H.C. Larsen and S.W. 
Wise, Jr. , pp. 209‐219, Ocean Drilling Program. 
Koizumi, I. (1973), The Late Cenozoic diatoms of Sites 183‐193, Leg 19 Deep Sea Drilling Project, 
Initial Reports of the Deep Sea Drilling Project, 19, 805‐855. 
Kowalik, Z. (1999), Bering Sea Tides, in Dynamics of the Bering Sea, edited by T. R. Loughlin and 
K. Ohtani, pp. 93‐127, Universtiy of Alaska Sea Grant, Fairbanks, AK. 
Lalande, C., J.M. Grebmeier, P. Wassmann, L.W. Cooper, M.V. Flint, and V.M. Sergeeva (2007), 
Export fluxes of biogenic matter in the presence and absence of seasonal sea ice cover 
in the Chukchi Sea, Continental Shelf Research, 27(15), 2051‐2065. 
Lee, S. H., T.E. Whitledge, and S. H. Kang (2008), Spring time production of bottom ice algae in 
the landfast sea ice zone at Barrow, Alaska, Journal of Experimental Marine Biology and 
Ecology, 367, 204‐212. 
Lisiecki, L. E., and M. E. Raymo (2005), A Pliocene‐Pleistocene stack of 57 globally distributed 
benthic delta O‐18 records, Paleoceanography, 20(1), 10.1029/2004PA001071. 
Liu, W.G., and H. Yang (2008), Multiple controls for the variability of hydrogen isotopic 
compositions in higher plant n‐alkanes from modern ecosystems, Global Change 
Biology, 14, 2166‐2177. 
Lopes, C., A. C. Mix, and F. Abrantes (2006), Diatoms in northeast Pacific surface sediments as 
paleoceanographic proxies, Marine Micropaleontology, 60(1), 45‐65. 
Loutre, M. F., and A. Berger (2003), Marine Isotope Stage 11 as an analogue for the present 
interglacial, Global and Planetary Change, 36, 209‐217. 
Lozhkin, A.V., P. Anderson, T. Matrosova, and El'gygytgyn Scientific Party (in prep), Vegetation 
during Marine Isotope Stages 5.5, 11 and 31 at Lake El'gygytgyn and its comparison with 
Lake Baikal, Climate of the Past. 
Lu, B., R. H. Chen, H. Y. Zhou, Z. P. Wang, J. F. Chen, and C. Zhu (2005), Oceanic environmental 
changes of subarctic Bering Sea in recent 100 years: Evidence from molecular fossils, 
Science in China Series D‐Earth Sciences, 48(4), 555‐564. 
Lundholm, N., and G. R. Hasle (2008), Are Fragilariopsis cylindrus and Fragilariopsis nana bipolar 
diatoms? Morphological and molecular analyses of two sympatric species, Nova 
Hedwigia, 133, 231‐250. 
 182 
Lundholm, N., and G. R. Hasle (2010), Fragilariopsis (Bacillariophyceae) of the Northern 
Hemisphere‐‐morphology, taxonomy, phylogeny and distribution, with a description of 
F. pacifica sp. nov., Phycologia, 49(5), 438‐460. 
Lyle, M., L. Heusser, T. Herbert, A. C. Mix, and J. Barron (2001), Interglacial theme and 
variations:  500 k.y. of orbital forcing and associated responses from the terrestrial and 
marine biosphere, U.S. Pacific Northwest, Geology, 29(12), 1115‐1118. 
Manley, W. F., D. S. Kaufman, and J. P. Briner (2001), Pleistocene glacial history of the southern 
Ahklun Mountains, southwestern Alaska: Soil‐development, morphometric, and 
radiocarbon constraints, Quaternary Science Reviews, 20(1‐3), 353‐370. 
Manley, W.F. (2002), Digital Elevation Model (DEM) for the Bering Land Bridge, INSTAAR, 
University of Colorado, Boulder, CO. 
Mantua, N.J. , S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis (1997), A Pacific interdecadal 
climate oscillation with impacts on salmon production, Bulletin of the American 
Meteorological Society, 78, 1069‐1079. 
Massé, G., S. J. Rowland, M. A. Sicre, J. Jacob, E. Jansen, and S. T. Belt (2008), Abrupt climate 
changes for Iceland during the last millennium: evidence from high resolution sea ice 
reconstructions, Earth and Planetary Science Letters, 269(3‐4), 564‐568. 
Massé, G., S. T. Belt, X. Crosta, S. Schmidt, I. Snape, D. N. Thomas, and S. J. Rowland (2011), 
Highly branched isoprenoids as proxies for variable sea ice conditions in the Southern 
Ocean, Antarctic Science, 23(5), 487‐498. 
Maurer, B.A., and B.J. McGill (2011), Chapter 5: measurement of species diversity, in Biological 
Diversity, edited by A.E. Magurran and B.J. McGill, pp. 55‐65, Oxford University Press, 
New York. 
McManus, J., D. W. Oppo, J. L. Cullen, and S. Healey (2003), Marine Isotope Stage 11 (MIS 11): 
analog for Holocene and future climate, in Earth’s Climate and Orbital Eccentricity: The 
Marine Isotope Stage 11, edited by A. W. Droxler, R. Z. Poore and L.H. Burkle, pp. 69‐85, 
American Geophysical Union, Washington, DC. 
McQuoid, M. R., and L. A. Hobson (2001), A Holocene record of diatom and silicoflagellate 
microfossils in sediments of Saanich Inlet, ODP Leg 169S, Marine Geology, 174, 111‐123. 
Medlin, L.K., and G.R. Hasle (1990), Some Nitzschia and related diatom species from fast ice 
samples in the Arctic and Antarctic, Polar Biology, 10, 451‐479. 
Medlin, L.K., and J. Priddle (1990), Polar Marine Diatoms, 214 pp., British Antarctic Survey, 
Natural Environment Research Council, Cambridge. 
Melnikov, I. A., E. G. Kolosova, H. E. Welch, and L. S. Zhitina (2002), Sea ice biological 
communities and nutrient dynamics in the Canada Basin of the Arctic Ocean, Deep Sea 
Research I, 49(9), 1623‐1649. 
 183 
Merrill, T. E., B. Konar, and B. Bluhm (2010), A temporal comparison of a benthic infaunal 
community southwest of St. Lawrence Island, Bering Sea between 2006 and 1970‐1974, 
Polar Biology, 33(10), 1439‐1444. 
Meyers, P.A. (1994), Preservation of elemental and isotopic source identification of sedimentary 
organic matter, Chemical Geology, 114, 289‐302. 
Miller, G. H., and A. De Vernal (1992), Will greenhouse warming lead to Northern Hemisphere 
ice‐sheet growth?, Nature, 355, 244‐246. 
Miller, G. H., J. Brigham‐Grette, L. Anderson, H.A. Bauch, M.A. Douglas, M. E. Edwards, S.A. Elias, 
B.P. Finney, S. Funder, T. Herbert, L. D. Hinzman, D.K. Kaufman, G. M. MacDonald, A. 
Robock, M. C. Serreze, J. P. Smol, R. F. Spielhagen, A. P. Wolfe, and E. W. Wolff (2009), 
Temperature and precipitation history of the Arctic, in Past Climate Variability and 
Change in the Arctic and at High Latitudes, edited by U.S. Climate Change Program and 
Subcommittee on Global Change Research, pp. 77‐246, U.S. Geological Survey, Reston, 
VA. 
Müller, Juliane, Guillaume Massé, R. Stein, and S. T. Belt (2009), Variability of sea‐ice conditions 
in the Fram Strait over the past 30,000 years, Nature Geoscience, 2, 772‐776. 
Müller, Juliane, Axel Wagner, Kirsten Fahl, Ruediger Stein, Matthias Prange, and Gerrit Lohmann 
(2011), Towards quantitative sea ice reconstructions in the northern North Atlantic: A 
combined biomarker and numerical modelling approach, Earth and Planetary Science 
Letters, 306, 137‐148. 
Murray, M.S., L.  Anderson, G.  Cherkashov, C.  Cuyler, B. Forbes, J.C.  Gascard, C. Haas, P. 
Schlosser, G. Shaver, K. Shimada, M. Tjernström, J. Walsh, J. Wandell, and Z. Zhao 
(2010), International Study of Arctic Change: Science Plan, edited by ISAC International 
Program Office, Stockholm. 
Nelson, C.H., R.L. Phillips, J. Jr. McRea, J.H. Jr. Barber, M.W. McLaughlin, and J.L. Chin (1993), 
Gray Whale and Pacific Walrus Benthic Feeding Grounds and Sea Floor Interaction in the 
Chukchi Sea Rep. MMS 93‐0042, 51 plus figures pp. 
Niebauer, H.J., V. Alexander, and S.M. Henrichs (1995), A time‐series study of the spring bloom 
at the Bering Sea ice edge I.  Physical processes, chlorophyll and nutrient chemistry, 
Continental Shelf Research, 15, 1859‐1877. 
Nittrouer, C.A., R.W. Sternberg, R. Carpenter, and J.T. Bennett (1979), The use of Pb‐210 
geochronology as a sedimentological tool: application to the Washington continental 
shelf, Marine Geology, 3/4, 297‐316. 
Normack, W.R., and P.R. Carlson (2003), Giant submarine canyons:  is size any clue to their 
importance in the rock record?, in Geological Society of America Special Paper, edited by 
M.A. Chan and A. W. Archer, pp. 1‐15, Geological Society of America, Boulder, CO. 
 184 
Oguri, K., N. Harada, and O. Tadai (2012), Excess 210Pb and 137Cs concentrations, mass 
accumulation rates, and sedimentary processes on the Bering Sea continental shelf, 
Deep Sea Research II, 61‐64, 193‐204. 
Onodera, J., and K. Takahashi (2007), Diatoms and siliceous flagellates (silicoflagellates, 
ebridians, and endoskeletal dinoflagellate Actiniscus) from the Subarctic Pacific, 
Memoirs of the Faculty of Sciences Kyushu University., Series D, Earth and Planetary 
Sciences, 31(4), 105‐136. 
Overland, J. E., and C. H. Pease (1982), Cyclone climatology of the Bering Sea and its relation to 
sea ice extent, Monthly Weather Review, 110, 5‐13. 
Pichon, J. J., M. Labracherie, L. D. Labeyrie, and J. Duprat (1987), Transfer functions between 
diatom assemblages and surface hydrology in the Southern Ocean, Palaeogeography 
Palaeoclimatology Palaeoecology, 61(1‐2), 79‐95. 
Pichon, J. J., L. D. Labeyrie, G. Bareille, M. Labracherie, J. Duprat, and J. Jouzel (1992), Surface 
water temperature changes in the high latitudes of the southern hemisphere over the 
last glacial‐interglacial cycle, Paleoceanography, 7(3), 289‐318. 
Pike, J., and A. E. S. Kemp (Eds.) (1996), Preparation and analysis techniques for studies of 
laminated sediments, 37‐48 pp., Geological Society Special Publication. 
Pike, J., X. Crosta, E. J. Maddison, C. E. Stickley, D. Denis, L. Barbara, and H. Renssen (2009), 
Observations on the relationship between the Antarctic coastal diatoms Thalassiosira 
antarctica Comber and Porosira glacialis (Grunow) Jorgensen and sea ice concentrations 
during the late Quaternary, Marine Micropaleontology, 73(1‐2), 14‐25. 
Pirtle‐Levy, R., J.M. Grebmeier, L.W. Cooper, and I.L. Larsen (2009), Chlorophyll‐a in Arctic 
sediments implies long persistence of algal pigments, Deep Sea Research II, 56(17), 
1326‐1338. 
Pol, K. (2011), Links between MIS 11 millennial to sub‐millennial climate variability and long 
term trends as revealed by new high resolution EPICA Dome C deuterium data ‐ A 
comparison with the Holocene, Climate of the Past, 7(2), 437‐450. 
Poli, M.S., R.C. Thunell, and D. Rio (2000), Millenial‐scale changes in North Atlantic Deep Water 
circulation during Marine Isotope Stages 11 and 12:  linkage to Antarctic climate, 
Geology, 28(9), 807‐810. 
Poli, M.S., Philip A. Meyers, and Robert C. Thunell (2010), The western North Atlantic record of 
MIS 13 to 10: Changes in primary productivity, organic carbon accumulation and benthic 
foraminiferal assemblages in sediments from the Blake Outer Ridge (ODP Site 1058), 
Palaeogeography, Palaeoclimatology, Palaeoecology, 295(1‐2), 89‐101. 
Polyak, L. (2010), Arctic sea‐ice decline: a paleoclimatic perspective, Abstract A44B‐07, in 2010 
Fall Meeting, AGU, edited, San Francisco, CA. 
 185 
Polyak, L., R. B. Alley, J. T. Andrews, J. Brigham‐Grette, T. M. Cronin, D. A. Darby, A. S. Dyke, J. J. 
Fitzpatrick, S. Funder, M. Holland, A. E. Jennings, G. H. Miller, M. O'Regan, J. Savelle, M. 
Serreze, K. St John, J. W. C. White, and E. Wolff (2010), History of sea ice in the Arctic, 
Quaternary Science Reviews, 29(15‐16), 1757‐1778. 
Preiss, N., M.‐A. Melieres, and M. Pourchet (1996), A compilation of data on lead‐210 
concentration in surface air and fluxes at the air‐surface and water‐sediment interfaces, 
Journal of Geophysical Research, 101(D22), 28847‐28862. 
Prokopenko, A.A., E.V. Bezrukova, G.K. Khursevich, E.P. Solotchina, M.I. Kuzmin, and P.E. Tarasov 
(2010), Climate in continental interior Asia during the longest interglacial of the past 500 
000 years: the new MIS 11 records from Lake Baikal, SE Siberia, Climate of the Past, 6, 
31‐48. 
Pushkar, V.S., S.R. Roof, M. V. Cherepanova, D.M. Hopkins, and J. Brigham‐Grette (1999), 
Paleogeographic and paleoclimatic significance of diatoms from Middle Pleistocene 
marine and glaciomarine deposits on Baldwin Peninsula, northwestern Alaska, 
Palaeogeography, Palaeoclimatology, Palaeoecology, 152, 67‐85. 
Ray, G.C., J. McCormick‐Ray, P. Berg, and H.E. Epstein (2006), Pacific walrus:  Benthic bioturbator 
of Beringia, Journal of Experimental Marine Biology and Ecology, 330, 403‐419. 
Raymo, M.E., and J.X. Mitrovica (2012), Collapse of polar ice sheets during the stage 11 
interglacial, Nature, 483, 453‐456. 
Raymo, M.E., J.X. Mitrovica, M.J. O'Leary, R.M. DeConto, and P. J. Hearty (2011), Departures 
from eustasy in Pliocene sea‐level records, Nature Geoscience, 4(5), 328‐332. 
Raynaud, D., J. M. Barnola, R. Souchez, R. Lorrain, J. R. Petit, P. Duval, and V. Y. Lipenkov (2005), 
The record for Marine Isotopic Stage 11, Nature, 436, 39‐40. 
Reid, Philip C., David G. Johns, Martin Edwards, Michel Starr, Michel Poulin, and Pauli Snoeijs 
(2007), A biological consequence of reducing Arctic ice cover: arrival of the Pacific 
diatom Neodenticula seminae in the North Atlantic for the first time in 800,000 years, 
Global Change Biology, 13(9), 1910‐1921. 
Reimnitz, E., M. McCormick, J. Bischof, and D. A. Darby (1998), Comparing sea‐ice sediment load 
with Beaufort Sea shelf deposits: is entrainment selective?, Journal of Sedimentary 
Research, 68(5), 777‐787. 
Reynolds, R.W., N.A. Rayner, T.M. Smith, D.C. Stokes, and W. Wang (2002), An improved in situ 
and satellite SST analysis for climate, Journal of Climate, 15, 1609‐1625. 
Robbins, J.A. (1986), A model for particle selective transport of tracers in sediments with 
conveyor belt deposit feeders, Journal of Geophysical Research, 91(C7), 8542‐8558. 
Rohling, E.J., M. Fenton, F.J. Jorissen, P. Bertrand, G. Ganssen, and J.P. Caulet (1998), 
Magnitudes of sea‐level lowstands of the past 500,000 years, Nature, 394, 162‐165. 
 186 
Rohling, E.J., K. Braun, K. Grant, M. Kucera, A. P. Roberts, M. Siddall, and G. Trommer (2010), 
Comparison between Holocene and Marine Isotope Stage‐11 sea‐level histories, Earth 
and Planetary Science Letters, 291, 97‐105. 
Round, F.E., R.M. Crawford, and D.G. Mann (1990), The diatoms:  biology and morphology of the 
genera, 747 pp., Cambridge University Press, Cambridge, UK. 
Ryu, E., S.J. Lee, D.Y. Yang, and J.Y. Kim (2008), Paleoenvironmental studies of the Korean 
peninsula inferred from diatom assemblages, Quaternary International, 176‐177, 36‐45. 
Sagawa, T., and K. Ikehara (2008), Intermediate water ventilation change in the subarctic 
northwest Pacific during the last deglaciation, Geophysical Research Letters, 35(24), 
10.1029/2008GL035133. 
Saitoh, K., and A. Taniguchi (1978), Phytoplankton communities in the Bering Sea and adjacent 
seas II: spring and summer communities in seasonally ice‐covered areas, Astarte, 11(1), 
27‐35. 
Sakamoto, T., M. Ikehara, K. Aoki, K. Iijima, N. Kimura, T. Nakatsuka, and M. Wakatsuchi (2005), 
Ice‐rafted debris (IRD)‐based sea‐ice expansion events during the past 100 kyrs in the 
Okhotsk Sea, Deep Sea Research II, 52(16‐18), 2275‐2301. 
Sancetta, C. A. (1979), Oceanography of the North Pacific during the Last 18,000 Years: Evidence 
from Fossil Diatoms, Marine Micropaleontology, 4, 103‐123. 
Sancetta, C. A. (1981), Oceanographic and ecologic significance of diatoms in surface sediments 
of the Bering and Okhotsk seas, Deep Sea Research, 28A(8), 789‐817. 
Sancetta, C. A. (1982), Distribution of diatom species in surface sediments of the Bering and 
Okhotsk seas, Micropaleontology, 28, 221‐257. 
Sancetta, C. A. (1983), Effect of Pleistocene glaciation upon oceanographic characteristics of the 
North Pacific Ocean and Bering Sea, Deep Sea Research, 31A(8), 851‐869. 
Sancetta, C. A. (1987), Three species of Coscinodiscus Ehrenberg from North Pacific sediments 
examined in the light and scanning electron microscopes, Micropaleontology, 33(3), 
230‐241. 
Sancetta, C. A., and S.W. Robinson (1983), Diatom evidence on Wisconsin and Holocene events 
in the Bering Sea, Quaternary Research, 20, 232‐245. 
Sancetta, C. A., and S.M. Silvestri (1984), Diatom stratigraphy of the Late Pleistocene (Brunhes) 
Subarctic Pacific, Marine Micropaleontology, 9, 263‐274. 
Sancetta, C. A., and S.M. Silvestri (1986), Pliocene‐Pleistocene evolution of the North Pacific 
ocean‐atmosphere system, interpreted from fossil diatoms, Paleoceanography, 1(2), 
163‐180. 
 187 
Schandelmeier, L., and V. Alexander (1981), An analysis of the influence of ice on spring 
phytoplankton population structure in the southeast Bering Sea, Limnology and 
Oceanography, 26(5), 935‐943. 
Scherer, R. P. (1994), A new method for the determination of absolute abundance of diatoms 
and other silt‐sized sedimentary particles, Journal of Paleolimnology, 12, 171‐179. 
Scherer, R. P., A. Aldahan, S. Tulaczyk, G. Possnert, H. Engelhardt, and B. Kamb (1998), 
Pleistocene collapse of the West Antarctic Ice Sheet, Science, 281, 82‐85. 
Schrader, H.J., and R. Gersonde (1978), Diatoms and silicoflagellates, in Micropaleontological 
counting methods and techniques ‐ an exercise on an eight metres section of the Lower 
Pliocene of Capo Rossello, Sicily, edited by W.J. Zachariasse, W.R.  Riedel, A.  Sanfilippo, 
R.R. Schmidt, M.J.  Brolsma, H.J.  Schrader, R. Gersonde, M.M. Drooger and J.A. 
Broekman, pp. 129‐176, Utrecht Micropaleontological Bulletin, Netherlands. 
Schumacher, J.D., and P. J. Stabeno (1998), Continental shelf of the Bering Sea, in The sea, 
edited by A.R. Robinson and K.H. Brink, pp. 789‐822, John Wiley and Sons, New York. 
Seager, R., M. Ting, I. Held, Y. Kushnir, J. Lu, G. Vecchi, H. P. Huang, N. Harnik, A. Leetmaa, N. C. 
Lau, C. Li, J. Velez, and N. Naik (2007), Model projections of an imminent transition to a 
more arid climate in southwestern North America, Science, 316(5828), 1181‐1184. 
SEARCH (2005), Study of Environmental Arctic Change:  Plans for Implementation during the 
International Polar Year and beyond Rep., 104 pp, Arctic Research Consortium of the 
United States (ARCUS), Fairbanks, AK. 
Serreze, M.C., M.M. Holland, and J. Stroeve (2007), Perspectives on the Arctic's shrinking sea‐ice 
cover, Science, 315, 1533‐1536. 
Sharko, C.J. (2010), IP25: a Molecular Proxy of Sea‐Ice Duration in the Bering and Chukchi Seas, 
M.S. thesis thesis, 73 pp, University of Massachusetts Amherst, Amherst. 
Shiga, K., and I. Koizumi (2000), Latest Quaternary oceanographic changes in the Okhotsk Sea 
based on diatom records, Marine Micropaleontology, 38, 91‐117. 
Sigler, M. F., M. Renner, S. L. Danielson, L. B. Eisner, R. R. Lauth, K. J. Kuletz, E. A. Logerwell, and 
G. L. Hunt (2011), Fluxes, fins, and feathers: relationships among the Bering, Chukchi, 
and Beaufort seas in a time of climate change, Oceanography, 24(3), 250‐265. 
Sims, P.A., and R.M. Crawford (2002), The morphology and taxonomy of the marine centric 
diatom genus Paralia: II.Paralia crenulata, P. fausta and the new species, P. Hendeyi, 
Diatom Research, 17(2), 363‐382. 
Smol, J. P. (2002), The paleolimnologist's Rosetta Stone: calibrating indicators to environmental 
variables using surface‐sediment training sets, in Pollution of lakes and rivers: a 
paleoenvironmental perspective, edited by J. P. Smol, Oxford University Press, New York. 
 188 
Springer, A.M., C. P. McRoy, and M. V. Flint (1996), The Bering Sea green belt: shelf edge 
processes and ecosystem production, Fisheries Oceanography, 5, 205‐223. 
St. John, K. (2008), Cenozoic ice‐rafting history of the central Arctic Ocean: Terrigenous sands on 
the Lomonosov Ridge, Paleoceanography, 23(1), 10.1029/2007pa001483. 
Stabeno, P. J., J.D. Schumacher, and K. Ohtani (1999), The physical oceanography of the Bering 
Sea, in Dynamics of the Bering Sea:  a summary of physical, chemical, and biological 
characteristics, and a synopsis of research on the Bering Sea, edited by T. R. Loughlin 
and K. Ohtani, pp. 1‐28, University of Alaska Sea Grant, Fairbanks, AK. 
Stabeno, P. J., N.A. Bond, N.B. Kachel, S.A. Salo, and J.D. Schumacher (2001), On the temporal 
variability of the physical environment over the south‐eastern Bering Sea, Fisheries 
Oceanography, 10(1), 81‐98. 
Stroeve, J., M. M. Holland, W. Meier, T. Scambos, and M. C. Serreze (2007), Arctic sea ice 
decline:  faster than forecast, Geophysical Research Letters, 34(9). 
Suto, I. (2003), Taxonomy of the marine diatom resting spore genera Dicladia Ehrenberg, 
Monocladia gen. nov. and Syndendrium Ehrenberg and their stratigraphic significance in 
Miocene strata, Diatom Research, 18(2), 331‐356. 
Suto, I. (2004a), Dispinodiscus gen. nov., a new diatom resting spore genus from the North 
Pacific and Norwegian Sea, Diatom Research, 20, 70‐94. 
Suto, I. (2004b), Fossil marine diatom resting spore morpho‐genus Gemellodiscus gen. nov. in 
the North Pacific and Norwegian Sea, Paleontological Research, 8(4), 255‐282. 
Suto, I. (2004c), Fossil marine diatom resting spore morpho‐genus Xanthiopyxis Ehrenberg in the 
Norrth Pacific and Norwegian Sea, Paleontological Research, 8(4), 283‐310. 
Suto, I. (2005a), Vallodiscus gen. nov., a new fossil resting spore morpho‐genus related to the 
marine diatom genus Chaetoceros (Bacillariophyceae), Phycological Research, 53, 11‐29. 
Suto, I. (2005b), Taxonomy and biostratigraphy of the fossil marine diatom resting spore genera 
Dicladia Ehrenberg, Monocladia Suto and Syndendrium Ehrenberg in the North Pacific 
and Norwegian Sea, Diatom Research, 20(2), 351‐374. 
Syvertsen, E.E. (1979), Resting Spore Formation in Clonal Cultures of Thalassiosira antarctica 
Comber, T. nordenskioeldii Cleve and Detonula confervacea (Cleve) Gran, Nova 
Hedwigia, 64, 41‐63. 
Takahashi, K., N. Fujitani, and M. Yanada (2002), Long term monitoring of particle fluxes in the 
Bering Sea and the central subarctic Pacific Ocean, 1990‐2000, Progress in 
Oceanography, 55, 95‐112. 
Takahashi, K., A.C Ravelo, C.A. Alvarez Zarikian, and Expedition 323 Scientists (2011), 
Proceedings of the Integrated Ocean Drilling Program, edited, Tokyo. 
 189 
Tarasov, Pavel E., Takeshi Nakagawa, Dieter Demske, Hermann Österle, Yaeko Igarashi, Junko 
Kitagawa, Lyudmila Mokhova, Valentina Bazarova, Masaaki Okuda, Katsuya Gotanda, 
Norio Miyoshi, Toshiyuki Fujiki, Keiji Takemura, Hitoshi Yonenobu, and Andreas Fleck 
(2011), Progress in the reconstruction of Quaternary climate dynamics in the Northwest 
Pacific: A new modern analogue reference dataset and its application to the 430‐kyr 
pollen record from Lake Biwa, Earth‐Science Reviews, 108(1‐2), 64‐79. 
Taylor, F., and A. McMinn (2001), Evidence from diatoms for Holocene climate fluctuation along 
the East Antarctic margin, The Holocene, 11(4), 455‐466. 
Ternois, Y., K. Kawamura, L. Keigwin, N. Ohkouchi, and T. Nakatsuka (2001), A biomarker 
approach for assessing marine and terrigenous inputs to the sediments of Sea of 
Okhotsk for the last 27,000 years, Geochimica et Cosmochimica Acta, 65(5), 791‐802. 
Thomas, D.N., and G.S. Dieckmann (2003), Sea ice:  an introduction to its physics chemistry 
biology and geology. 
Thomson, J., F. M. Dyer, and I. W. Croudace (2002), Records of radionuclide deposition in two 
salt marshes in the United Kingdom with contrasting redox and accumulation 
conditions, Geochimica et Cosmochimica Acta, 66(6), 1011‐1023. 
Thunell, R., M.S. Poli, and D. Rio (2002), Changes in deep and intermediate water properties in 
the western North Atlantic during Marine Isotope Stages 11‐12: evidence from ODP Leg 
172, Marine Geology, 189, 63‐77. 
Tomas, C.R. (1996), Identifying marine diatoms and dinoflagellates, Academic Press, Inc. 
Harcourt Brace and Co., Boston, U.S.A. 
Tozzi, S., O. Schofield, and P. Falkowski (2004), Historical climate change and ocean turbulence 
as selective agents for two key phytoplankton functional groups, Marine Ecology‐
Progress Series, 274, 123‐132. 
Tzedakis, P. C. (2010), The MIS 11 – MIS 1 analogy, southern European vegetation, atmospheric 
methane and the “early anthropogenic hypothesis”, Climate of the Past, 6, 131‐144. 
van Hengstum, Peter J., David B. Scott, and Emmanuelle J. Javaux (2009), Foraminifera in 
elevated Bermudian caves provide further evidence for +21m eustatic sea level during 
Marine Isotope Stage 11, Quaternary Science Reviews, 28(19‐20), 1850‐1860. 
Vare, L.L., G. Massé, T.R. Gregory, C.W. Smart, and S.T. Belt (2009), Sea ice variations in the 
central Canadian Arctic Archipelago during the Holocene, Quaternary Science Reviews, 
28(13‐14), 1354‐1366. 
von Quillfeldt, C.H. (2000), Common diatom species in arctic spring blooms: their distribution 
and abundance, Botanica Marina, 43(6), 499‐516. 
von Quillfeldt, C.H. (2001), Identification of some easily confused common diatom species in 
Arctic spring blooms, Botanica Marina, 44, 375‐389. 
 190 
von Quillfeldt, C.H. (2004), The diatom Fragilariopsis cylindrus and its potential as an indicator 
species for cold water rather than for sea ice, Vie Milieu, 54(2‐3), 137‐143. 
von Quillfeldt, C.H., W.G. Jr. Ambrose, and L.M. Clough (2003), High number of diatom species in 
first‐year ice from the Chukchi Sea, Polar Biology, 26, 806‐818. 
Witkowski, A., H. Lange‐Bertalot, and D. Metzeltin (2000), Diatom Flora of Marine Coasts I, 925 
pp., A.R.G. Gantner Verlag K.G., Ruggell, Liechtenstein. 
Wolff, E.W., H. Fischer, F. Fundel, U. Ruth, B. Twarloh, G. C. Littot, R. Mulvaney, R. Rothlisberger, 
M. de Angelis, C. F. Boutron, M. Hansson, U. Jonsell, M. A. Hutterli, F. Lambert, P. 
Kaufmann, B. Stauffer, T. F. Stocker, J. P. Steffensen, M. Bigler, M. L. Siggaard‐Andersen, 
R. Udisti, S. Becagli, E. Castellano, M. Severi, D. Wagenbach, C. Barbante, P. Gabrielli, 
and V. Gaspari (2006), Southern Ocean sea‐ice extent, productivity and iron flux over 
the past eight glacial cycles, Nature, 440(7083), 491‐496. 
Zong, Y. (1997), Implications of Paralia sulcata abundance in Scottish isolation basins, Diatom 
Research, 12, 125‐150. 
 
 
